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PREFACE  TO  THE  SECOND  EDITION. 


The  first  edition  of  this  work  appeared  under  the  title  A 
Practical  Treatise  on  the  Manufacture  of  Soap  and 
Candles.  It  has  been  out  of  print  for  some  years,  but  never- 
theless there  is  a  constant  demand  for  it,  and^.  this  together 
with  the  fact  that  frequent  inquiries  are  received  for  informa- 
tion in  this  important  department  of  industry  are  the  induce- 
ments which  have  led  to  the  preparation  of  the  present  treatise. 

Since  the  appearance  of  the  first  edition  much  progress  has 
been  made  in  the  manufacture*  of  soap,  and^  in  the  present 
volume  it  has  been  endeavored  to  place  before  those  interested 
in  this  industry  a  practical  and  comprehensive  account  of 
modern  methods  of  operation. 

The  portion  of  the  volume  devoted  to  the  manufacture  of 
the  various  kinds  of  soap  has  been  almost  entirely  rewritten. 
Old  methods  of  working  have  been  eliminated  and  new  pro- 
cesses introduced,  particular  attention  having  .been  paid  to 
the  working  of  fatty  acids  with  alkaline  carbonates — the  so- 
called  carbonate-saponification. 

In  addition  to  exhaustive  directions  for  the  manufacture  of 
all  kinds  of  soap,  both  by  boiling  and  the  cold  and  semi-warm 
processes,  numerous  formulas  of  stocks  available  for  the  pur- 
pose are  given,  as  well  as  receipts  for  washing  powders,  liquid 
soaps,  medicated  soaps  and  other  soap  specialties. 

In  order  to  make  the  present  treatise  as  complete  and  reli- 
able as  possible,  much  time  and  care  has  been  devoted  to 
the  gathering  of  information  from  all  available  and  widely- 
scattered  sources.  The  book  is,  however,  chiefly  based  upon 
three   German   works,   viz. :   Handbuch   der  Seifenfabrikationf 
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edited  by  Dr.  C.  Deite ;  Handbuch  der  praktiscJien  Seifenfabri- 
kaMon,  by  Alwin  Engelhardt,  and  Die  Sdfenfabrikationy  by  F. 
Wiltner.  These  works  are  the  results  of  many  years  of  prac- 
tical experience,  and  are  by  men  of  acknowledged  authority. 

As  is  their  long-established  practice,  the  publishers  have 
provided  the  volume  with  a  full  table  of  contents  and  an 
exhaustive  index,  thus  making  reference  to  any  subject  in  it 
both  prompt  and  easy. 

W.  T.  B. 

Philadelphia,  April,  1912. 
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CHAPTER  I. 

Historical  Review  of  the  Manufacture  of  Soap. 

It  is  frequently  asserted  that  soap  was  known  to  the  authors 
of  the  Old  Testament ;  but  the  Hebrew  words  used  in  the 
passages'*"  are  stated  by  authorities  to  refer  to  vegetable  and 
mineral  lyes,  i.  e.  potash  and  soda  in  some  form. 

In  Homer's  time  the  cleansing  of  clothes  seems  to  have  been 
effected  by  simply  rubbing  or  pounding  in  water  without  any 
addition,  for  he  tells  how  Nausicaa  and  her  attendants  washed 
clothes  by  stamping  them  with  their  feet  in  pits  filled  with 
water. 

Later  on  the  juices  of  certain  plants  were  employed  as  de- 
tergents, and  also  natural  soda  and  wood  ashes,  and  the  fact 
that  the  strength  of  alkalies  can  be  increased  by  lime  was  al- 
ready known  to  Paulus  iEgina.  Fuller's  earth  was,  however, 
the  principal  agent  used  for  washing  in  ancient  times,  the 
fuller's  art  being  due,  it  appears,  to  one  Nicias,  the  son  of 
Hermais.  The  Roman  fullers  {fulUmes)^  who  washed  dirty 
garments,  were  persons  of  no  little  importance.  Their  trade 
and  the  manner  of  carrying  it  on  were  regulated  by  laws.  At 
one  time,  fuller's  earth,  found  of  a  superior  quality  in  Stafford- 
shire, and  other  counties  of  England,  was  considered  so  indis- 
pensable for  the  dressing  of  cloth  that,  to  prevent  foreigners 
from  rivaling  English  fabrics,  it  was  made  a  contraband 
commodity,  and  its  exportation  made  equally  criminal  with 
the  heinous  and  wicked  export  of  wool. 

The  elder  Pliny  gives  us  the  earliest  account  of  soap  as 
having  been  first  manufactured  by  the  Gauls,  and  used  by 

*  Jeremiah  II.,  22,  and  Malachi  III.,  2. 
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them  as  a  cosmetic,  and  for  dyeing  the  hair  red.  He  also 
states  that  it  was  made  from  tallow  and  ashes,  the  best  being 
prepared  from  goat's  suet  and  beechwood  ashes,  and  that  the 
Gauls  employed  it  both  in  a  solid  and  liquid  form. 

From  this  statement  by  Pliny  it  has  been  generally  concluded 
that  the  invention  of  soap  was  due  either  to  the  Gauls  or  the 
Germans.  E.  Moride,*  however,  contests  the  correctness  of 
this  conclusion.  He  is  of  the  opinion  that  Pliny's  statement 
simply  refers  to  the  application  of  soap  as  a  cosmetic  and 
hair-dye,  and  believes  the  Phoenicians,  who  settled  in  Gaul 
600  B.  C,  to  have  been  the  actual  inventors  of  soap. 

It  cannot,  however,  be  supposed  that  the  first  soap  was  an 
artificial  product  like  that  of  the  present  day.  It  was  very 
likely  a  mixture  of  oil  and  wood  ash,  which  was  used  as  a  salve 
in  eruptiona  of  the  skin  and  similar  diseases.  Later  on  it  may 
have  been  acidentally  discovered  that  a  more  effective  salve 
was  obtained  by  mixing  the  ash  with  water  and  burnt  lime 
before  combining  it  with  the  oil.  Thus,  no  doubt,  products 
were  gradually  obtained  which  resembled  the  present  soaps  of 
Algiers,  of  which  Leon  Droux  writes  :t  "In  the  interior  of 
Algiers  the  Cabyles  bring  to  market  a  mass  which  serves  the 
double  purpose  of  a  remedy  and  for  household  use.  It  is  a 
soap  prepared  almost  in  the  cold  way,  of  a  slightly  yellowish 
color,  somewhat  transparent,  and  of  a  }©lly-like  consistency, 
but  with  a  very  small  content  of  water.  It  is  made  from 
olive-oil  and  lye,  the  latter  being  prepared  by  allowing  water 
to  percolate  through  a  mixture  of  wood  ashes  and  burnt  lime. 
The  Arabs  use  the  salve-like  product  thus  obtained  for  affec- 
tions of  the  skin,  as  well  as  for  household  purposes,  and  for 
washing  wool  to  be  worked  into  tissues." 

As  a  detergent,  soap  is  first  mentioned  by  the  authors  of 
the  second  century  after  Christ.  The  celebrated  physician, 
Galenus,  speaks  of  it  as  a  detergent,  as  well  as  a  medicament, 

*  Lee  Corps  gras  industrielles. 

t  Les  Produito  ChimiqaeB,  Paris,  187S,  p.  186. 
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aDd  considers  the  German  soap  as  the  best,  and  the  Gallic  as 
the  next  best. 

But  little  is  known  of  the  further  gradual  development 
of  the  soap  industry.  Marseilles,  it  is  said,  carried  on  a 
considerable  trade  in  soap  as  far  back  as  the  ninth  century. 
In  the  fifteenth  century,  Venice  was  the  principal  market,  but 
was  out-stripped  in  the  seventeenth  century  by  Savona,* 
Genoa,  and  Marseilles. 

It  is  somewhat  uncertain  when  soap  making  was  first  intro- 
duced into  England,  but  it  was  probably  in  the  fourteenth 
century.  The  first  patent  for  improvements  in  the  manufac- 
ture of  soap  was  obtained,  in  1622,  by  Messrs.  Jones  and 
Palmer.  At  the  same  time  a  company  obtained  a  monopoly 
for  the  manufacture  of  soap,  paying  annually  a  tax  of  £20,000 
for  3000  tons  of  soap. 

In  France  the  monopoly  system  was  also  in  force  in  the 
seventeenth  century.  In  1660,  Pierre  Rigat,  a  merchant  of 
Lyons,  made  a  proposition  to  the  King  to  manufacture  by 
special  methods  suflicient  soap  for  the  needs  of  France  without 
importing  any  of  the  materials  required  in  the  manufacture. 
Louis  XIV.  accepted  the  proposition  and  granted  him  the  sole 
privilege  for  twenty  years  of  erecting  factories  for  the  manu- 
facture of  white,  mottled,  and  all  other  kinds  of  soap  in  any 
location  it  suited  him.  The  six  or  seven  factories  then  in 
existence  were  allowed  to  remain,  but  under  the  condition 
that  they  should  not  increase  their  capacity  and  would,  sell 
their  products  to  Rigat  at  a  fixed  price.  This  patent,  being 
the  cause  of  many  disputes,  was  revoked  in  1669. 

But  little  is  known  about  the  soap  industry  in  Germany 
during  the  early  centuries.  The  business  was  carried  on  on  a 
small  scale,  and  this  could  not  well  be  otherwise,  since,  with 
the  impure  raw  materials,  principally  crude  tallow  and  wood 
ashes,  one  boiling  frequently  required  as  many  days  as  hours 
at  present.     The  industry  was  further  hindered  by  the  general 

*  Whence  the  French  name  for  soap  {aavon) . 
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practice  of  every  household  preparing  its  own  soap,  which 
continued  up  to  the  introduction  of  artificial  soda  and  tropi- 
cal vegetable  fats.  But  since  then  many  large  factories  have 
been  established,  and,  as  the  German  soap-boilers  applied  to 
the  trade  its  true  chemical  character,  they  produced  superior 
goods.  The  soft  soap  of  Germany  is  still  much  used  for  house- 
hold purposes  as  well  as  for  manufacturing,  and  it  has  ac- 
quired a  reputation  for  excelling  in  quality  that  of  other 
countries. 

In  this  country  there  has  been  a  steady  progress  in  the  im- 
provements constantly  making  in  this  important  branch  of 
industry,  until  now  we  are  producing  goods  which  for  quality 
compare  favorably  with  any  made  elsewhere ;  moreover,  we 
have  invented  much  new  and  improved  machinery  and  ap- 
paratus that  greatly  facilitate  the  processes,  saving  labor  and 
time  and  improving  the  quality.  Thus  the  United  States  is 
at  this  time  but  little  behind  any  other  country,  either  in  the 
amount  made  or  in  the  quality  of  the  article ;  while  in  the 
economy  and  facility  of  their  manufacture  this  industry  is  fully 
abreast,  if  not  in  advance,  of  that  of  nearly  all  other  countries, 
and  is  steadily  progressing,  so  that  it  cannot  be  long  before 
we  shall  equal  in  quality  and  excel  in  quantity. 

Not  much  advance  was  made  in  the  manufacture  of  soap 
until  at  the  beginning  of  the  present  century  it  commenced 
to  attract  the  attention  of  scientific  men,  and  Leblanc  gave  to 
the  world  his  splendid  process  for  the  production  of  soda  from 
common  salt.  But,  like  many  other  benefactors  of  the  human 
race,  Leblanc  did  not  reap  the  reward  for  his  invention.  In 
1791  a  patent  for  fifteen  years  was  granted  to  him  in  France, 
which  was,  however,  shortly  after  revoked.  The  manufactory, 
which  Leblanc  had  established  by  the  aid  of  the  Duke  of 
Orleans,  was  just  beginning  to  work  when  the  Revolution  put 
an  end  to  all  business;  the  property  of  the  Duke  of  Orleans 
was  seized,  and  the  factory  being  included,  the  fabrication 
was  stopped.  Soon,  the  Continental  wars  preventing  the  im- 
portation of  Spanish  sodas,  the  French  industry  felt  the  loss 
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of  this  important  element  so  essential  to  its  work.  Then,  on 
the  proposition  of  Camot,  the  Committee  of  Public  Safety 
obliged  Leblanc  to  sacrifice  to  the  country  the  fruit  of  his 
discovery  by  making  it  public.  Leblanc  was  ruined,  and 
after  many  struggles  for  redress  fell  a  victim  to  melancholy, 
and  died,  in  1806,  by  his  own  hand  and  in  abject  poverty. 

The  next  great  discovery,  and  not  second  in  importance, 
was  due  to  Chevreul,  who,  by  describing  the  exact  constituents 
of  the  fatty  bodies  and  making  known  the  processes  for  their 
separation,  raised  soap-making  from  empiricism  and  guess- 
work to  its  present  position  as  a  truly  scientific  art.  By 
establishing  the  practical  and  scientific  basis  upon  which  the 
soap  industry  is  now  carried  on,  Chevreul  and  Leblanc  may 
be  considered  as  its  founders.  " 

The  introduction  of  new  fats  and  oils,  especially  of  palm 
oil,  palm-kernel  oil,  and  cocoanut  oil,  added  an  important 
variety  to  the  list  of  soaps,  particularly  of  toilet  soaps.  The 
employment  of  caustic  soda,  which  enables  the  soap  boiler  to 
prepare  with  great  ease  caustic  lyes  of  a  high  degree,  was  also 
of  great  importance,  as  well  as  the  production  of  potash  from 
calcium  chloride,  and  that  of  caustic  soda  in  the  electrolytic 
way. 

A  considerable  change  in  the  mode  of  boiling  appears  to 
have  been  brought  about  by  the  use  of  fatty  acids  for  the 
manufacture  of  soap,  and  the  saponification  by  alkaline  car- 
bonates connected  therewith.  When  about  fifty  years  ago, 
the  price  of  glycerin  rose  enormously,  many  factories  engaged 
in  the  business  of  abstracting  the  glycerin  from  the  fats  and 
selling  the  fatty  acids  to  the  soap  manufacturer.  Some  larger 
soap  plants  also  installed  at  that  time  autoclaves  for  the 
saponification  of  fats,  and  the  question  has  recently  been 
again  agitated,  particularly  by  the  introduction  of  fermenta- 
tive splitting  of  fat,  chiefly  because  the  latter  requires  a  less 
expensive  plant  than  autoclave  saponification. 

Material  changes  and  improvements  have  been  made  in  the 
machinery  used  in  the  manufacture  of  soap. 
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The  primitive  system  of  slabbing  by  hand  by  drawing  a 
wire,  in  parallel  lines  of  uniform  distance  apart,  through  the 
frame  of  soap,  has  been  almost  entirely  replaced  by  mechanical 
slabbing  devices.  Mechanical  crutchers  have  been  largely 
substituted  for  hand  crutchers,  thus  doing  away  with  the 
laborious  work  connected  with  the  latter.  Great  improve- 
ments have  also  been  made  in  presses,  this  being  of  import- 
ance not  only  for  toilet  soaps,  but  also  for  domestic  soaps,  as 
more  value  is  now  attached  to  the  external  appearance  of  the 
latter  than  was  formerly  the  case.  Iron  frames  are  now 
largely  used  in  place  of  wooden  ones.  To  prevent  the  soap 
from  cooling  too  rapidly,  the  frame  is  sometimes  enveloped  in 
a  bad  conductor  of  heat  in  the  form  of  a  mattress  stuffed  with 
tow. 

In  modern  times  it  has  been  endeavored  to  shorten  the 
time  for  the  production  of  soap  by  avoiding  long  cooling  in 
the  frame.  Pioneers  in  this  respect  were  A.  &  E.  des  Cress- 
onidres,  of  Brussels  with  their  broyeuse  aScheuse  continue. 
While  only  dried  soap  could  formerly  be  used  in  the  milling 
machine,  the  above-mentioned  apparatus  allows  of  the  work- 
ing of  the  hot  liquid  soap  as  it  comes  from  the  kettle,  and 
soap  finished  in  the  kettle  yesterday  can,  perfumed  and  col- 
ored, be  brought  the  next  day  into  commerce.  This  inven- 
tion was  originally  intended  only  for  the  preparation  of  milled 
toilet  soaps,  but  it  was  soon  found  to  be  of  use  also  for  the 
manufacture  of  various  kinds  of  domestic  soap,  and  the  idea 
has  been  utilized  in  the  construction  of  soap-cooling  machines. 

The  manufacture  of  soap  in  a  closed  boiler  under  pressure 
has  been  frequently  tried.  Thus,  Arthur  Dunn,  a  number  of 
years  ago,  patented  in  England  a  process,  the  object  of  which 
was  to  accelerate  the  process  of  saponification  by  effecting  it  in 
a  pressure-boiler  at  a  temperature  of  from  302°  to  320°  F. 
Mouveau  later  on  proposed  to  effect  the  manufacture  of  soap 
in  a  pressure-boiler  provided  with  a  safety-valve.  The  boiler 
was  furnished  with  a  stirrer  and  was  surrounded  by  a  jacket 
into  which  steam  for  heating  the  boiler,  or  water  for  cooling 
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could  be,  introduced.  A  temperature  of  302*^  to  320®  F.  was 
produced  in  the  boiler.  Previous  to  boiling,  the  fat  and  lye 
were  introduced  through  a  man-hole  which  was  then  closed ; 
after  the  air  had  been  expelled  the  safety-valve  was  also  closed. 
Additions  of  fat  or  lye  required  after  the  commencement  of 
boiling  were  forced  into  the  boiler  by  means  of  a  pump.  The 
spent  lye  and  finished  soap  were  discharged  through  a  pipe 
provided  with  a  stop-cock,  which  passed  from  the  bottom  of 
the  boiler  through  the  jacket. 

However,  all  these  methods  for  the  preparation  of  soap  in 
pressure-boilei^  have  been  abandoned  because  they  did  not 
prove  satisfactory,  and  there  is  no  probability  that  the  desired 
result  will  be  attained  by  such  experiments.  Saponification 
is,  to  be  sure,  rapidly  effected  in  a  closed  boiler  under  pres- 
sure, but  the  saponified  fat  is  not  soap  such  as  is  demanded  by 
commerce.  Besides  the  saponification  of  the  fats,  there  are 
other  operations  in  the  production  of  the  artificial  product 
known  as  soap,  and  in  order  to  be  quite  sure,  these  operations 
can  only  be  carried  on  when  the  soap-boiler  has  the  soap  be- 
fore him  in  the  open  kettle. 

The  manufacture  of  soap  is  at  the  present  time  connected 
with  greater  difficulties  than  it  was  thirty  or  forty  years  ago. 
The  frequent  changes  in  the  prices  of  raw  materials,  while  the 
prices  of  the  soaps  themselves  have  become  very  low,  allow 
no  longer  of  working  by  rule  of  thumb,  and  force  the  soap- 
boiler to  adapt  his  manufacturing  processes  to  prevailing  con- 
ditions in  order  to  enable  him  to  compete  with  others. 


CHAPTER  II. 

Raw  Materials  Used  in  the  Manufacture  of  Soap. 

The  ordinary  soaps  of  commerce  consist  of  the  more  or  less 
impure  sodium  or  potassium  salts  of  the  fatty  acids.  They 
are  prepared  by  treating  fats  and  fat  oils,  and  also  fatty  acids, 
with  lyes.  The  latter  are  obtained  by  treating  aqueous  solu- 
tions of  alkaline  carbonates — soda  or  potash — with  quick  lime, 
or  by  simply  dissolving  the  caustic  alkalies  in  water.  For 
some  soaps  an  addition  of  rosin  is  also  used. 

The  raw  materials  employed  in  the  manufacture  of  soap, 
therefore  consist,  on  the  one  hand,  of  fats,  fat  oils,  fatty  acids 
and  rosin  and,  on  the  other,  of  alkalies.  To  these  have  to  be 
added  as  auxiliary  raw  materials :  Water,  lime,  and  common 
salt.  Besides  the  above-mentioned  materials  which  are  indis- 
pensable for  the  manufacture  of  soap,  foreign  substances  are 
frequently  incorporated  with  the  soap,  chiefly  with  the  object 
of  cheapening  the  cost  of  manufacture.  These  substances  are 
known  as  filling  materials,  soda  ash,  silicate  of  soda  (water 
glass  or  soluble  glass),  glue,  starch,  etc.,  being  used. 

It  is  scarcely  necessary  to  mention  that  a  thorough  acquain- 
tance with  the  properties  of  the  raw  materials  entering  into 
the  manufacture  of  soap  is  of  great  importance,  since  on  it 
depends  not  only  the  success  of  the  operation  itself,  but,  be- 
sides the  quality,  also  the  quantity,  i,  e.  the  yield  of  soap,  the 
latter  varying  with  different  fats. 

Fats. 

Nature  of  fats. — In  the  soap  industry  animal  as  well  as 
vegetable  fats  are  employed.  These  fats  possess  the  following 
common  properties :  They  feel  unctuous  to  the  touch  and  form 
oleaginous  fluids,  either  at  the  ordinary  temperature  or  when 
heated.     Dropped  upon  paper  they   form  transparent  spots 
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which  do  not  vanish  in  time  nor  by  the  application  of  heat. 
They  are  specifically  lighter  than  water  and  insoluble  in  it, 
but  are  soluble  in  ether,  carbon  disulphide,  and  volatile  oils. 
They  are  not  volatile  and  commence  to  boil  at  from  572°  to 
608^  F.f  suffering  decomposition  thereby.  By  themselves 
they  burn  with  difficulty,  but  when  used  with  a  wick,  with  a 
luminous  flame. 

According  to  their  consistency,  the  fats  are  divided  into 
solid  fats  or  tallows,  semi-solid  fats  or  butters  and  lards,  fluid 
fats  or  oils,  and  train  oils,  the  latter  term  being  applied  to  the 
fluid  fats  derived  from  various  marine  animals.  The  solid  fats 
melt  readily,  most  of  them  liquefying  below  212°  F.  The 
liquid  fats,  i.  e.  the  oils,  solidify  at  a  low  temperature.  At  the 
ordinary  temperature  the  oils  are  not  thinly-fluid  like  water, 
but  are  distinguished  by  a  certain  degree  of  viscosity  which 
has  to  be  taken  into  consideration  when  they  are  to  be  used 
as  lubricants.  Castor  oil  is  the  most  viscous  of  all  oils  known 
at  present. 

Of  all  liquids,  the  fluid  fats  expand  the  most  by  heat  Ac- 
cording to  Preisser,  the  expansion  of  1000  parts  by  volume 
amounts  for  1°  Centigrade,  with  olive  oil  to  0.83  part  by 
volume,  with  rape  oil  to  0.89,  and  with  train  oil  to  1.0,  so 
that  1000  liters  of  olive  oil  measured  in  winter  at  0°  C.  will 
measure  in  summer  at  20°  C.  1016.6  liters,  rape  oil  measured 
in  the  same  manner  1017.8  liters,  and  train  oil  1020  liters. 

The  oils,  when  shaken  with  water,  which  has  been  made 
mucilaginous  by  dissolving  albumen  or  gum-arabic  in  it,  re- 
main suspended  in  the  form  of  microscopally  small  drops, 
and  the  fluid  acquires  a  milky  appearance;  it  forms  an 
emulsion. 

The  fats,  as  generally  found,  vary  in  color,  the  solid  fats 
being  mostly  white  or  yellowish,  the  oils,  yellow  or  yellow- 
green,  and  the  train  oils,  red  or  red-brown.  They  possess 
odor  and  taste  by  which  they  can  be  distinguished,  for 
instance,  the  smell  of  tallow,  the  aromatic  odor  of  palm  oil 
and  cocoanut  oil,  the  taste  of  edible  fats  such  as  butter,  olive 
oil  etc.,  as  compared  with  the  nauseous  taste  of  rape  oil. 
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On  exposure  to  the  air  most  fats  gradually  undergo  a  change, 
some  of  them  being  converted  into  a  solid,  transparent  mass — 
a  varnish.  Such  oils  are  known  as  drying  oils.  They  absorb 
oxygen  from  the  air  and  pass  into  a  higher  state  of  oxidation. 
Others,  called  noii-drying  oils,  never  dry  entirely,  but  only  ac- 
quire a  greater  degree  of  consistency  and  turn  rancid. 

Many  solid  fats  also  become  rancid,  i.  e.  they  suffer  a  kind 
of  fermentation  by  which  the  fatty  acids  are  set  free  and  im- 
part their  odor  and  taste  to  the  fat. .  Commercial  palm  oil  and 
cocoanut  oil  are  frequently  in  such  a  state  of  decomposition, 
but  the  bad  odor  is  wanting.  Rancidity,  however  does  not 
affect  the  availability  of  the  fats  for  the  manufacture  of  soap, 
as  the  liberated  fatty  acids  are  neutralized  by  saponification 
with  the  alkali. 

While  pure  unaltered  fats,  with  the  exception  of  castor  oil, 
are  next  to  insoluble  in  cold  alcohol,  when  rancid,  they  dis- 
solve readily  in  it  and  show  an  acid  reaction.  Acid  reaction 
of  fats,  when  not  due  to  adhering  foreign  substances,  always 
indicates  commencement  of  rancidity,  as  in  a  pure  unaltered 
state  the  fats  are  entirely  neutral. 

Chemical  constitution  of  fats. — According  to  their  elementary 
composition  the  fats  consist  of  carbon,  hydrogen,  and  oxygen, 
while  mineral  fats  and  oils  consist  only  of  carbon  and  hydro- 
gen. The  following  table  shows  the  elementary  composition 
of  some  of  the  fats : 


Coooa-Butter  .  .  . 
German  sesame-oil 
Lard  .    .    .    . 

Linseed-oil  . 
Muttonnsuet 
Olive-oil  ... 
Ox-tallow 
Poppjseed-oil 
Bape-oil  .... 


" 

f 

Carbon. 

Hydrogen. 

Oxygen. 

per  cent. 

per  cent. 

t-    ■ 

per  cent. 

75.20 

11.90 

12.90 

76.80 

11.50 

11.70 

7H.54 

11.94 

,       11.26 

78.00 

11.00 

11.00 

78.10 

11.70 

9.30 

77.21 

13.36 

9.43 

76.60 

11.91 

1       11.69 

76.63 

11.63 

11.74 

77.21 

13.36 

9.43 
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As  shown  by  the  above  table,  there  is  considerable  varia- 
tion in  the  elementary  composition  of  the  fats  and,  moreover, 
there  can  scarcely  be  any  doubt  that  the  fat  from  the  same 
animal  is  not  always  alike  in  composition.  This  is  shown  by 
the  more  proximate  composition  of  the  fats.  The  latter,  as 
they  occur  in  nature,  are  not  simple  chemical  combinations 
but  mixtures  of  such. 

An  important  step  towards  the  investigation  of  the  nature 
of  fats  was,  in  1779,  made  by  Scheele,  who  discovered,  whilst 
engaged  in  the  preparation  of  lead  plaster,  a  sweet  body  solu- 
ble in  water.  He  called  it  ^^  principium  duke  oleorum/'  and 
it  is  now  generally  known  as  glycerin. 

However,  the  principal  elucidation  of  the  nature  of  fats  we 
owe  to  the  labors  of  Chevreul,  which  commenced  in  1812,  and 
culminated,  in  1823,  in  the  publication  of  his  celebrated 
work  :  "  Recherchea  mr  les  Corps  gras  d^origine  animale,*'  His 
researches  served  as  a  basis  for  all  further  studies  of  the 
chemical  behavior  of  the  fats.  The  correctness  of  his  observa- 
tions was  in  the  main  confirmed,  and  his  researches  extended 
by  others. 

Nearly  all  the  fats  occurring  in  nature  are  peculiar  combi- 
nations of  glycerin,  a  body  composed  of  3  equivalents  of  car- 
bon, 8  of  hydrogen  and  3  of  oxygen,  and  are,  therefore, 
termed  glycerides.  According  to  the  older  chemical  view,  the 
fats  contained  a  body  called  glyceryl-oxide  or  lipyloxide,  com- 
bined with  3  equivalents  of  fatty  acids,  and  glycerin  was 
designated  as  glyceryl-oxide,  or  as  gly eery  1-ox hydrate.  But, 
according  to  modem  chemistry,  glycerin  is  a  so-called  triato- 
mic  alcohol.  If,  as  stated  above,  glycerin  contains  8  equiva- 
lents of  hydrogen,  3  of  them  can  be  represented  by  acids.  If 
we  designate  carbon  C,  hydrogen  H,  and  oxygen  0,  glycerin 
has    the    formula :  CsHsOs,  which    can    also    be    written : 

XT 

CjHftHaO,,  or  Cgjj^Og.     The  3  equivalents  of  hydrogen, 

written  separately  in  the  last  two  formulas,  can  be  represented 
by  acids.     Now  if  1  equivalent  of  hydrogen  is  replaced  by  an 
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acid,  a  so-called  monoglyceride  is  obtained ;  if  2  equivaleuts 
are  replaced,  a  diglyceride ;  and  if  all  3  equivalents  are  re- 
placed, a  triglyceride.     By  designating  an  acid  R, 

H 
the  monoglyceride  has  the  formula  Cstt  pOs, 

"  diglyceride        "  "  ^»HR,^»'   ' 


"  triglyceride 


n 


u 


a^»0: 


All  glycerides  occurring  in  nature,  and  others  thus  far  ex- 
amined, are  triglycerides,  i.  e.,  glycerin  in  which  3  equiva- 
lents of  hydrogen  are  replaced  by  acids.  The  acids  contained 
in  fats  are  generally  termed  fatty  acids,  the  most  important 
being  stearic,  palmitic,  oleic,  and  linoleic  acids. 

Many  train  oils  contain  ether-like  combinations  of  another 
alcohol— cetyl  alcohol  (CjeHsiO) — and  wool  fat  contains  ether 
of  cholesterin,  as  well  as  that  alcohol  itself. 

Fatty  acids, — The  fatty  acids,  which  can  be  separated  from 
the  fats,  may,  according  to  their  composition,  be  divided  into 
four  groups :  Into  acids,  1,  of  the  composition  C„02nO2  (usually 
called  acetic  series  of  acids);  2,  of  the  composition  C„H2b-«02 
(acrylic  or  oleic  acid  series);  3,  of  the  composition  C„H 3^402; 
and  4,  of  the  composition  C„H2n.203. 

The  fatty  acids  of  the  first  group  are  called  saturated  fatty 
acids,  and  the  rest  unsaiurated  fatty  acids. 

In  the  following  table  the  naturally-formed  fatty  acids  are 
given  together  with  their  occurrence,  properties  and  chemical 
composition  : 


Name  of 
acid. 


Occurrence. 


Palmitic  acid. '      Palm  oil 


Propertieg. 


crystallizes  in  needles;  melts  at 
143  5^  F.;  odorless  and  tasteless ; 
reddens  litmus  paper. 


Chemical 
composition 


3Z 
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Stearic  acid. 


Maigaric  acid. 


Batjric  acid. 


Animal  fats   ,  crystallizes    in   laminae ;   melts  at 

156°  F.;  odorless  and  tasteless ; 
reddens  litmus  paper ;  distils 
without  alteration. 


Animal  fats 


is  by  manpr  considered  a  mixture 
of  palmitic  and  stearic  acids ; 
melts  at  140''  F. 


Gastric  juice; 
butter;  per- 
spiration 


Laurie  acid.   .  Coooanut  oil 


Myristic  acid. 


Oleic  acid. 


(Jocoanut  oil ; 
spermaceti, 

nutmeg- 
butter 


Non-drying 
oils 


an  oily  liquid  ;  colorless ;  smells 
of  rancid  butter;  caustic,  reacts 
and  tastes  sour ;  boils  without  al- 
teration at  312. 5<>  F. 


crystallizes  in  silky  needles ;  melts 
at  109.4*'  to  1 1 30  F.;  acid  reaction. 


snow-white  crystalline  mass ;  melts 
at  127.4°  F.;  acid  reaction. 


Ricinoleic 
acid. 


Pbysetoleic 
acid. 


Brocic  acid. 


Ltnoleic  acid. 


an  oily  liquid ;  colorless,  tasteless 
and  odorletis;  shows  no  acid  re- 
action ;  congeals  at  39.2°  F.; 
absorbs  oxygen  with  avidity. 


Castor  oil 


Train  oils ; 
spermaceti 


an  oily  liquid ;  odorless ;  acid 
taste;  shows  an  acid  reaction 
when  cooled  to  32**  F. 


colorless  and  tasteless  acicular  mass; 
melts  at  92. 3""  F.;  becomes  red- 
dish on  exposure  to  the  air  and 
then  has  a  strong  rancid  odor. 


CijHjgO,. 


^itHisO,. 


C^HgO,. 


CijH^O,. 


^MtTjgO,. 


CisHj^O,. 


^18^,40,. 


Ci«HjoO, 


White  and 
black  must- 
ard seed  oil 


Non-drying 
oils 


crystallizes  in  lamine  and  needles ; 
melts  at  93.2^  F. 


^mH4,0,, 


an  oily  thinly-fluid  liquid ;  slightly 
yellow  ;  slightly  acid  reaction ; 
refracts  light;  absorbs  oxygen 
with  avidity,  becoming  thei^y 
tough  and  thickly  fluid. 


CieH^O,. 
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The  salts  of  stearic  acid  and  of  the  other  non-volatile  fatty 
acids  are  called  soaps.  The  alkaline  salts  are  soluble  in  boil- 
ing water,  but  in  cold  water  not  without  decomposition ; 
nearly  all  the  other  salts  are  insoluble  in  water  or  soluble 
with  diflSculty.  By  boiling  stearic  acid  with  watery  solutions 
of  carbonate  of  potash  or  soda,  carbonic  acid  is  expelled  and 
stearates  are  formed.  In  their  purest  state  the  alkaline  salts 
are  crystallized.  Their  behavior  in  water  is  also  character- 
istic of  the  alkaline  soaps  of  other  fatty  acids,  they  being 
sparingly  soluble  in  cold  water,  but  when  boiled  with  not  too 
large  a  quantity  of  it,  they  yield  a  clear  solution  which,  on 
cooling,  congeals  to  a  turbid  viscid  mass.  With  a  large 
quantity  of  water,  they  do  not  yield  a  clear  solution  but  a 
turbid  fluid  which,  on  shaking,  gives  a  tenacious  lather 
which  remains  standing  for  quite  a  long  time.  The  stearates 
are  separated  from  their  solutions  by  common  salt.  By  re- 
peated treatment  with  common  salt  the  potassium  salt  can  be 
completely  converted  into  the  sodium  salt.  The  alkaline 
stearates  are  readily  taken  up  in  the  heat  by  alcohol ;  on  cool- 
ing the  soaps  generally  separate  from  concentrated  solutions 
in  a  gelatinized  state,  but  after  long  standing  they  assume  a 
crystalline  form.     In  ether  and  benzine  they  are  insoluble. 

Potaamim  stearate  (CxgHasOaK)  forms  crystals  with  a  greasy 
luster  which  dissolve  in  6.6  parts  of  boiling  alcohol.  By  com- 
pounding its  hot  aqueous  solution  with  a  large  volume  of 
water,  acid  potassium  stearate  (CisHssKOa-CigHaeOa)  in 
laminae  with  a  nacreous  luster,  insoluble  in  water,  is  precip- 
itated. Sodium  stearate  closely  resembles  the  potassium  salt ; 
it  consists  of  lustrous  laminae.  The  stearates  of  calcium, 
strontium  and  barium  form  crystalline  precipitates.  The 
magnesium  salt  also  precipitates  in  a  crystalline  form.  It  is 
soluble  in  hot  alcohol  sufficiently  to  allow  of  its  recrystalliza- 
tion  from  it,  but  is  insoluble  in  cold  alcohol.  The  salts  of  the 
heavy  metals,  such  as  the  salts  of  silver,  copper  and  lead  are 
mostly  amorphous ;  the  lead  salt  is  fusible  without  decompo- 
sition at  257°  F. 
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Cbevreul  distinguished,  among  the  fatty  acids  obtained  by 
the  saponification  of  fats,  one  which  he  termed  margaric  acid, 
which,  however,  has  been  shown  by  Heintz  to  be  a  mixture  of 
stearic  and  palmitic  acids. 

For  the  manufacture  of  stearin  candles  the  behavior  of 
stearic  and  palmitic  acids,  when  melted  together,  is  of  great 
importance.  Heintz  found  that  mixtures  of  fatty  acids  are 
analogous  to  many  alloys  of  metals  in  showing  a  lower  melt- 
ing-point than  their  separate  components.  The  following 
table  shows  the  behavior  of  mixtures  of  stearic  and  palmitic 
acids : 


Compofiition 

of  mixtures. 

Melting-point, 

_. — 

Manner  of  congealing. 

Degrees  F. 

Stearic  acid. 

Palmitic  acid. 
10 

1.53.0° 

90 

Crystalline  scales. 

149.5 

80 

20 

Slender  crystalline  needles. 

145  0 

'            70 

30 

(.              hk             ii 

140.0 

10 

90 

Beautiful  large  needles. 

135.5 

20 

80 

Very  indistinctly  needly. 

134.0 

60 

'            60 

I^rge-foliated  crystalline. 

1S3.0 

40 

1            60 

U               k%                          u 

132.0 

35 

65 

Non-crystalline,  lustrous. 

131.0 

32.5 

67.5 

1.                             4k                                      kk 

131.0 

30 

70 

1 

'*            "          lustreless. 

Though  the  lowering  of  the  melting-points  decreases  the 
value  of  the  mixtures  for  the  manufacture  of  candles,  this  dis- 
advantage is  more  than  counterbalanced  by  the  importance 
of  the  other  alterations  the  fatty  acids  undergo  by  being 
melted  together.  The  pure  acids  are  soft,  of  a  loose  structure, 
and  very  friable.  By  mixing  them  together  they  acquire 
sufficient  density  and  hardness,  so  that  they  can  be  subjected 
to  the  pressure  required  to  expel  the  oleic  acid.  The  pure 
acids  in  congealing  contract  to  such  a  degree  that  candles  pre- 
pared from  them  have  an  unsightly  appearance.  A  mixture 
of  the  acids  being  but  slightly  crystalline  to  amorphous, 
candles  manufactured  from  the  semi-congealed  mass  are  dense 
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and  non-crystalline.  Candles  from  pure  fatty  acids  are  soft, 
opaque,  friable,  and  lustreless ;  candles  from  a  mixture,  bard, 
lustrous,  and  transparent. 

The  salts  of  oleic  acid  bebave,  as  regards  tbeir  solubility  in 
water,  in  a  manner  similar  to  tbat  of  tbe  solid  fatty  acids,  tbe 
alkaline  salts  alone  being  soluble.  On  the  other  hand,  all 
the  other  salts  are  soluble  in  alcohol  and  a  few  also  in  ether, 
the  lead  salt  belonging  to  the  latter.  The  silver  salt  of  oleic 
acid  is  insoluble  in  ether.  By  the  addition  of  an  excess  of 
alkali,  sodium  chloride,  etc.,  the  alkaline  salts  separate  from 
their  aqueous  solutions.  All  the  salts  of  oleic  acid  are  softer 
than  those  of  the  solid  fatty  acids,  and  are  mostly  fusible  with- 
out decomposition. 

Sodium  oleate  (CieHjjNaOa)  can  be  obtained  by  crystalliza- 
tion from  absolute  alcohol.  It  dissolves  in  10  parts  of  water 
at  53.5°  F.,  in  20.6  parts  of  alcohol  of  0.821  specific  gravity 
at  55°  F.,  and  in  100  parts  of  boiling  ether.  The  potasmim 
salt  forms  a  transparent  jelly  by  far  more  freely  soluble  in 
water,  alcohol,  and  ether  than  the  sodium  salt.  The  barium 
salt  is  a  crystalline  powder  insoluble  in  water,  and  at  212°  F. 
cakes  withouf  melting.  By  boiling  alcohol  it  is  taken  up  with 
difficulty.  Lead  oleate  is  a  loose,  white  powder,  melting  at 
176°  F.  to  a  yellowish  fluid  ;  after  cooling  it  is,  however,  rigid 
and  brittle,  and  remains  transparent. 

In  the  examination  of  fats,  titrations  of  the  free  fatty  acids 
are  frequently  executed.  The  best  indicator  for  the  purpose 
is  phenolphthalein.  The  solution  is  prepared  by  dissolving 
0.5  to  1  gramme  of  phenolphthalein  in  1  liter  of  alcohol.  It 
has  a  yellowish  color,  and  is  reddened  by  the  slightest  addi- 
tion of  alkali  in  consequence  of  the  formation  of  the  corre- 
sponding salts.  These  salts  are  completely  decomposed  by 
weak  acids,  so  that  fatty  acids  in  alcoholic  solution  can  be 
sharply  titrated  with  phenolphthalein.  Ammonia  does  not 
give  a  perceptible  coloration  with  phenolphthalein  and  is 
therefore  unsuitable  for  the  titration  of  fatty  acid.  It  must 
also  be  borne  in  mind  that  phenolphthalein  salt  is  decom- 
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posed  by  carbonic  acid,  as  well  as  that  the  bicarbonates  of 
alkalies  have  not  the  same  effect  as  the  carbonates.  Any  car- 
bonic acid  present  must,  therefore,  be  removed  by  boiling. 

Alcohols  of  the  foMy  gi'oup.  The  following  alcohols  take 
part  in  the  constitution  of  fats :  Glycerin,  cetyl  alcohol,  cho- 
lesterin,  phytosterin,  and  a  few  others.  The  most  important 
of  these  is 

Glycerin  (CaHgO,).  In  the  pure  state  it  is  a  sweet  colorless 
liquid,  specific  gravity  1.262,  of  great  viscosity,  and  miscible 
in  all  proportions  with  water  and  alcohol.  It  dissolves  many 
substances,  e.  g.  metallic  salts,  which  are  soluble  in  water.  It 
takes  fire  at  302^  F.,  and  burns  with  a  blue  fiame.  A  char- 
acteristic property  of  glycerin  which  may  serve  for  its  identi- 
fication, is  that  of  yielding  an  exceedingly  pungent  and  irri- 
tating substance,  known  as  acrolein^  or  acrylic  aldehyde,  when 
sharply  heated,  or  subjected  to  the  action  of  dehydrating 
agents. 

Cetyl  alcohol  (CieHs^O),  or  ethal  is  a  white  crystalline  mass 
without  taste  and  odor.  It  melts  at  122^  F.  and  boils  at 
651®  F.  It  is  insoluble  in  water,  soluble  in  alcohol,  and  very 
readily  so  in  ether  and  benzine.  It  is  a  constituent  of  sperm- 
aceti oil. 

Cholesterin  (CaeH^iO)  crystallizes  from  chloroform  in  an- 
hydrous needles  of  1.067  specific  gravity,  which  melt  at  293® 
to  295°  F.  Cholesterin  is  insoluble  in  water  and  very  spar- 
ingly soluble  in  cold  dilute  alcohol.  It  dissolves  in  9  parts 
boiling  alcohol  of  0.84  specific  gravity  and  in  5.55  parts  of 
0.82  specific  gravity.  It  is  readily  taken  up  by  carbon  disul- 
phide,  chloroform,  and  benzine. 

By  carefully  evaporating  to  dryness  upon  a  crucible-lid  a 
trace  of  cholesterin  with  a  drop  of  concentrated  nitric  acid  a 
yellow  stain  is  obtained.  On  pouring  ammonia  over  it  this 
yellow  stain  assumes  a  yellow-red  coloration.  If  a  sample  of 
cholesterin  be  triturated  upon  a  crucible-lid  with  a  drop  of  a 
mixture  of  3  volumes  concentrated  hydrochloric  acid  and  1 
volume  ferric  chloride  solution,  and  carefully  evaporated  to 
2 


18  •        MANUFACTURE   OF   SOAP. 

dryness,  the  particles  remaining  undissolved  acquire  a  violet 
red,  passing  into  a  bluish,  color. 

Cholesterin  is  an  essential  constituent  of  wool-fat.  Since 
all  animal  fats  and  oils  contain  small  quantities  of  cholesterin, 
its  presence  in  pure  fat  and  oil  indicates  that  the  latter  is  of 
animal  origin. 

Qlycerides.  By  far  the  most  important  glycerides  are  tri- 
stearin,  tripalmitin  and  tt-iolein.  They  are  most  widely  dis- 
tributed, most  fats  occurring  in  nature  being  mixtures  of 
them.  To  the  soap  manufacturer  the  glyceride  of  lauric  acid, 
or  trilaurin,  or  laurostearin,  is  also  of  special  importance. 

Tristearin  [CsH5(Cj8H850a)8],  briefly  called  stearin,  forms 
colorless  nacreous  scales  which  melt  at  161°  F.,  and  congeal 
at  158®  F.  to  an  indistinctly  crystalline  mass.  By  heating 
stearin,  however,  to  7^  above  its  melting-point,  it  congeals 
at  125.5°  F.  to  a  waxy  mass,  and  then  melts  at  131°  F.  But 
by  again  heating  it  a  few  degrees  above  the  latter  melting- 
point  it  reassumes  its  original  melting-point  at  161°  F. 
Stearin  is  insoluble  in  water,  sparingly  soluble  in  cold  alcohol 
and  ether,  but  freely  in  warm  ether  and  boiling  alcohol.  It 
is  the  preponderating  constituent  of  the  tallows. 

Tripalmitin  [C8HB(CieH3iOa)3],  or  briefly  palmitin,  is 
contained  in  preponderating  quantity  in  the  lardaceous  fats. 
It  is  best  obtained  pure  from  palm  oil.  It  consists  of  small 
nacreous  crystals,  very  sparingly  soluble  in  cold  alcohol,  and 
somewhat  more  freely  in  boiling  alcohol ;  on  cooling  it  re* 
aeparates,  however,  in  flakes.  In  boiling  ether  it  is  soluble 
in  all  proportions.  When  heated  its  behavior  is  very  remark- 
able: it  melts  at  123®  F.,  but  on  further  heating  re-congeals, 
and  then  only  melts  again  at  152°  F. 

Laurostearin  [C8H6(CiaH2802)8]  forms  slender  white 
needles  grouped  in  the  form  of  a  star  or  tree. "  They  melt  at 
from  111°  to  115°  F.,  and  congeal  at  73.5°  F.  They  are  in- 
soluble in  water,  very  sparingly  soluble  in  cold  alcohol,  but 
more  readily  in  boiling  alcohol,  and  freely  in  ether.  Lauro- 
stearin is  readily  saponified  by  potash  lye,  forming  a  clear  soap 
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paste.  When  heated  above  its  melting-point  it  is  decom- 
posed into  acrolein  and  a  solid  body  crystallizable  from  ether 
and  alcohol. 

Triolein  [C3HB(Ci8H880a)8],  briefly  olein,  forms  the  pre- 
ponderating constituent  of  non-drying  oils.  In  a  pure  state 
it  is  a  colorless  and  odorless  oil  which  crystallizes  in  needles 
at  23°  F.  It  is  insoluble  in  water,  dissolves  with  difficulty  in 
cold  alcohol,  but  more  freely  in  hot  alcohol,  and  is  miscible 
in  all  proportions  with  ether.  Exposed  to  the  air,  it  darkens 
and  becomes  acid  and  rancid  gradually  undergoing  decompo- 
sition. Nitrous  acid  converts  it  into  on  isomeric  combination 
— elaidin.  The  latter  consists  of  wart-like  crystals  which,  ac- 
cording to  Meyer,  fuse  at  89.5°  F.  and,  according  to  Duffy,  at 
100.5°  F.  They  dissolve  very  sparingly  in  alcohol,  but 
readily  in  ether. 

The  combination  resembling  olein  which  is  contained  in 
drying  oils,  has  been  termed  olanin,  but  its  properties  have 
been  but  little  studied.  Olanin  does  not  become  solid  with 
nitrous  acid. 

Regarding  the  proportional  .quantities  of  stearin,  palmitin, 
and  olein  occurring  in  the  fats,  it  may  be  said  that  a  fat  is 
the  more  solid  the  more  it  contains  of  the  first  two,  and  the 
softer  the  greater  the  preponderance  of  the  latter. 

SaponificcUion  of  fats.  —  By  saponification  was  originally 
understood  only  the  chemical  process  which  takes  place  in 
boiling  fats  with  strong  bases  whereby  glycerin  and  fat  acid 
salts  are  formed  ;  but  at  the  present  time  the  term  is  applied 
to  every  reaction  by  which  fats  (even  without  the  cooperation 
of  bases)  are  resolved  into  glycerin  and  fatty  acids.  To  under- 
stand the  process  of  saponification  we  must  consider  that  all 
glycerides  are  a  variety  of  ethers,  and  as  such  possess  the 
power  of  splitting  by  the  absorption  of  water  into  their  gener- 
ators, i.  e,y  into  glycerin  and  an  acid.     Therefore,  for  instance, 

Tristearin.  Glycerin.  Stearic  acid. 
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This  splitting  of  the  glycerides  is  called  saponification.  It 
already  takes  place  with  water  alone,  but  only  at  a  compara- 
tively high  temperature.  It  is  facilitated  by  adding  to  the 
water  a  small  quantity  of  a  base  or  of  an  acid  ;  but  it  is  most 
readily  accomplished  by  using  together  with  the  water  a  suflB- 
cient  quantity  of  a  base  (potash,  soda,  or  lime)  to  fix  the  acids 
formed,  whereby  the  salts  of  these  acids  result,  which  are 
familiarly  known  as  "  soaps.'*  The  process  is  represented  by 
the  following  equations : 

Tristearin.  Caastic  potash.        Gljcerin.  Potassium  stearate. 

^(CxsHjfiO),^'^'^^*^^^*'"'^    H,   ^»+^  Ca  ^*- 

Tristearin.  Caustic  lime.        Glycerin.  Calcium  stearate. 

In  the  laboratory  the  fats  are  most  suitably  decomposed 
with  alcoholic  potassium.  Lewkowitsch  gives  for  this  the 
following  directions :  Heat  in  a  porcelain  dish  upon  a  water 
bath,  stirring  constantly,  50  grammes  of  fat  with  40  cubic 
centimeters  of  caustic  potash  solution  of  1.4  specific  gravity 
and  40  Cc.  of  strong  alcohol  until  the  soap  becomes  thick.  It 
is  then  dissolved  in  1000  Cc.  of  water,  and  the  solution  boiled 
over  an  open  fire  to  expel  the  alcohol.  This  is  best  done  by 
from  time  to  time  replacing  the  evaporated  water.  The  soap 
is  then  decomposed  by  the  addition  of  dilute  sulphuric  acid, 
and  the  solution  heated  so  that  the  fatty  acids  settle  as  a  clear 
oily  mass  upon  the  aqueous  solution.  The  latter  is  then 
drawn  off*  by  means  of  a  siphon,  and  the  fatty  acid  several 
times  washed  with  hot  water  until  the  sulphuric  acid  has  been 
removed.  The  warm  liquid  fatty  acids  are  filtered  through  a 
dry  filter  in  a  hot-water  funnel. 

With  alkaline  carbonates,  the  neutral  fats  can  only  be  sa- 
ponified at  a  higher  temperature.  Tilghman  was  the  first 
who  endeavored  to  technically  utilize  this  fact.  He  mixed 
the  melted  fat  with  the  quantity  of  alkaline  carbonate  solution 
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required  for  saponification  and  forced  the  mixture  through  a 
long  coiled  wrought-iron  pipe  of  J  inch  interior,  and  1  inch 
exterior,  diameter  which  laid  in  the  fire  and  was  heated  to 
from  392®  to  572°  F.  Saponification  commences  already  at 
at  383®  F.;  it  results  more  rapidly  at  a  higher  temperature. 
The  mixture  of  fat  and  alkaline  carbonate  forced  into  the  pipe 
comes  out  of  the  other  end  as  soap.  The  liberated  carbonic 
acid  escapes  through  the  same  opening  as  the  soap. 

The  splitting  of  the  glycerides  may  also  be  effected  by  con- 
centrated, or  comparatively  concentrated,  sulphuric  acid, 
whereby  is  first  formed  a  sulphuric  acid  combination  of  the 
glycerin — sulphoglyceric  acid — and  perhaps  also  sulphuric 
acid  combinations  of  the  acids  contained  in  the  fats  (sulpho- 
stearic  acid,  sulpholeic  acid,  etc.) 

It  may  here  be  remarked  that  ammonia,  the  behavior  of 
which  is  otherwise  analogous  to  that  of  the  alkalies,  does  not 
act  in  the  same  manner  upon  the  fats.  By  shaking  a  fat  oil 
with  ammonia  an  emulsion  is  formed ;  by  exposing  this  to 
the  air  the  ammonia  volatilizes  in  a  short  time,  and^  the  oil 
separates  unaltered.  The  oil  is  also  obtained  unaltered  when 
a  quantity  of  dilute  acid  corresponding  to  that  of  ammonia  is 
added  to  the  mixture.  This  proves  that  ammonia  and  fat  do 
not  enter  into  combination  by  a  simple  mixture.  However, 
by  allowing  ammonia  to  act  upon  fats  in  closed  vessels,  chemi- 
cal combinations  result,  ammonia  soap  and  the  amide  of  the 
fatty  acid  being  formed. 

The  utilization  of  the  natural  glycerides  for  the  manufac- 
ture of  soap  and  candles  and  the  preparation  of  plasters,  is 
based  upon  their  splitting  into  fatty  acids  and  glycerin.  By 
plasters  are  generally  understood  the  lead  oxide  salts  of  the 
fatty  acids  contained  in  the  fats,  though  the  term  is  also  ap- 
plied to  combinations  of  these  acids  with  other  heavy  metallic 
oxides  obtained  by  precipitating  soap  solutions  with  metallic 
solutions. 

Technical  methods  of  saponification, — The  soap  boiler  em- 
ploys exclusively  caustic  alkalies   for  the  saponification  of 
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neutral  fats.  However,  in  the  manufacture  of  stearin,  the 
object  of  which  is  to  obtain  from  tlie  fats  the  solid  fatty  acids 
in  a  form  which  makes  them  suitable  for  candle  material, 
various  methods  of  saponification  are  used,  such  as  saponify- 
ing with  lime,  with  magnesia,  with  sulphuric  acid  and  with 
water.  The  fats  are  first  saponified  in  order  to  separate  the 
glycerin,  and  then  subjected  to  cold,  and  finally  to  warm, 
pressure. 

The  first  attempt  to  utilize  saponification  for  the  preparation 
of  a  material  suitable  for  the  manufacture  of  candles  was  made 
by  Gay-Lussac  and  Chevreul,  who,  in  1825,  took  out  a  patent 
for  the  separation  of  the  fatty  acids  and  their  use  in  the 
manufacture  of  candles.  The  specifications  of  the  patent  are 
highly  interesting,  as  they  contain  all  the  scientific  principles 
which  have  up  to  the  present  day  been  applied  to  the  manu- 
facture of  fatty  acids,  even  saponification  with  acids  which 
came  into  practical  use  only  about  20  years  later  on.  Never- 
theless the  patentees  reaped  no  benefit  from  their  invention. 
The  history  of  this  branch  of  industry  furnishes  a  striking  and 
instructive  proof  of  the  fact  that  there  may  be  a  long  way  be- 
tween scientific  truth  and  practical  application.  The  processes 
chiefly  recommended  resembled  too  much  the  methods  of  the 
chemist  in  his  laboratory  and  were  entirely  too  complicated 
for  technical  practice.  The  alkalies  served  for  saponification 
and,  for  the  decomposition  of  the  soap,  hydrochloric  acid  the 
alkaline  salts  of  which,  as  shown  by  experience,  could  never 
be  completely  eliminated  from  the  separated  acid,  even  by 
continuous  washing  with  water,  and  the  patentees  even  spoke 
of  cold  and  hot  alcohol  for  the  complete  purification  of.  the 
fatty  acids. 

The  manufacture  of  fatty  acids  was,  in  1831,  placed  upon 
an  economic  basis  by  De  Milly  and  Motard,  who,  in  place  of 
the  alkalies,  used  lime  for  the  decomposition  of  the  fats,  and 
decomposed  the  lime-soap  formed  by  sulphuric  acid.  At  first 
15  per  cent,  of  lime  was  used  for  the  saponification  of  the 
tallow,  but  later  on  8  to  9  per  cent,  was  found  to  be  suflScient 
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if  the  process  is  effected  in  covered  vats  and  the  mass  thor- 
oughly stirred  during  saponification. 

The  quantity  of  lime  was  later  on  still  further  reduced  by  a 
process  given  by  De  Milly.  In  this  process  a  higher  tempera- 
ture has  to  be  used  and  saponification  is  effected  in  a  closed 
apparatus,  called  an  autoclave.  With  the  use  of  2.5  parts  of 
lime  for  100  parts  of  tallow  a  temperature  of  306°  to  356°  F. 
— 8  atmospheres — is  required. 

Autoclave  saponification  is  to-day  carried  on  in  essentially 
the  same  manner  as  recommended  by  De  Milly.     Fig.  1  shows 


the  apparatus  used  by  him.  j4  is  a  closed  cylindrical  vessel  of 
copper,  4  feet  in  diameter  and  16  feet  high,  and  provided  with 
a  safety-valve,  manometer,  and  manhole.  By  the  pipe  L  it  is 
connected  with  a  boiler,  which  furnishes  steam  of  a  pressure 
of  8  atmospheres.  The  steam  boiler  consists  of  two  heating 
tubes,  placed  above  each  other,  and  connected  by  two  pipes. 
These  two  heating  tubes  have  the  same  diameter  (23J  inches) 
and  the  same  length  (16  teet),  and  are  heated  by  a  fireplace. 
Steam  is  introduced  into  the  autoclave  through  the  cocic  L 
and  a  pipe  extending  to  the  bottom.     The  pi[>es  D  aud  E,  ex- 
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tending  also  to  the  bottom  of  the  autoclave,  serve  for  empty- 
ing the  apparatus  after  saponification  is  finished.* 

The  operation  is  carried  on  as  follows :  The  charge  of  fat 
(4000  lbs.)  is  melted  by  steam  in  the  wooden  vat  H,  and  con- 
veyed through  the  funnel  O  into  the  apparatus;  220  gallons 
of  milk  of  lime,  containing  120  lbs.  of  lime,  are  then  added. 
The  apparatus  being  thus  charged,  the  cock  on  the  funnel,  G, 
is  closed,  and  the  steam-cock  L  opened.  The  steam  enters  on 
the  bottom,  and,  penetrating  the  milk  of  lime  and  fat,  effects 
their  mixture.  The  pressure  in  the  autoclave  soon  rises  to  8 
atmospheres.  In  this  manner  the  steam,  which  must  always 
have  the  same  pressure,  is  allowed  to  enter  the  apparatus  for 
five  or  six  hours,  w-hen  it  is  shut  off,  and  the  apparatus  allowed 
to  rest  for  two  hours  for  the  water  containing  the  glycerin  to 
settle.  The  cock  D  is  then  opened,  and,  the  pressure  in  the 
autoclave  being  still  sufficient  to  force  out  the  mass,  the 
glycerin-liquor  is  first  expelled,  and  passes  through  a  filtering 
arrangement  into  the  vat  B.  The  glycerin  having  escaped 
and  the  fatty  mass  beginning  to  appear,  the  cock  D  is  closed, 
the  cock  E  opened,  and  the  mixture  of  fatty  acid  and  lime- 
soap  brought  into  the  vat  /.  The  mixture  being  all  in  the 
vat,  240  pounds  of  sulphuric  acid  of  66°  B.,  previously  diluted 
to  14°  or  \5P  B.,  are  added  with  constant  stirring  and  simul- 
taneous introduction  of  steam,  the  decomposition  of  the  lime- 
soap  being  finished  in  about  two  hours.  The  steam  is  then 
shut  off  and  the  fatty  acids  allowed  to  settle,  when  they  are 
brought  into  another  vat  and  washed. 

Our  knowledge  of  the  interesting  fact  that  water  at  a  higher 
temperature  is  capable  of  decomposing  fats  is  due  to  the  in- 
vestigations of  Tilghman  and  Berth elot  who,  in  1854,  almost 
simultaneously  made  this  discovery,  though  Tilghman  alone 
occupied  himself  with  the  industrial  side  of  the  question. 
According  to  his  process,  which,  however,  has  everywhere 

*lD8tead  of  two  discharge  pipes,  only  one  is  generally  used  at  the  present 
time.  It  is  provided  outside  of  the  autoclave  with  a  three-way  cock,  from  which 
connections  lead  to  the  glycerin  vat  and  the  fatty  acid  vat. 
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been  found  unsuitable  for  working  on  a  large  scale,  the  fat  is 
brought  in  contact  with  hot  water  and  is  thus  converted  into 
a  kind  of  emulsion.  This  mixture  is  driven  by  a  forcing 
pump  through  a  long  wrought-iron  tube  which  makes  several 
bends  in  a  furnace  and  is  heated,  according  to  the  nature  of 
the  fat,  to  from  500°  to  660°  F.  A  treatment  for  ten  minutes 
is  claimed  to  be  generally  sufficient  for  the  complete  decom- 
position of  the  fats.  Attempts  were  later  on  made  to  effect 
saponification  in  a  closed  apparatus — a  digester — under  high 
pressure.  However  by  reason  of  the  high  pressure  required 
for  saponification  this  method  presents  great  technical  diffi- 
culties. 

For  the  manufacture  of  stearin  it  is,  of  course,  of  great  im- 
portance that  saponification  should  be  effected  as  completely 
as  possible  in  order  to  obtain  well-crystalliziug  fatty  acids  and 
a  mass  as  free  as  possible  from  glycerin,  so  that  in  the  subse- 
quent pressing  the  separation  of  the  solid,  from  the  liquid, 
fatty  acids  is  thoroughly  effected.  The  soap  manufacturer, 
on  the  other  hand,  aims  to  saponify  the  greatest  portion  of  the 
fat  in  order  to  obtain  as  much  glycerin  as  possible  and  it  is  of 
but  little  consequence  to  him  whether  a  few  per  cent,  of  non- 
saponified  fat  remain  in  the  fatty  acids.  L6on  Droux  is, 
therefore,  of  the  opinion  that  in  place  of  lime-saponification, 
which  necessitates  subsequent  decomposition  of  the  lime-soap 
formed  by  sulphuric  acid,  saponification  can,  in  soap  factories, 
be  effected  by  water  alone,  and  recommends  for  this  purpose 
a  closed  apparatus.  The  latter  is  provided  with- a  mechanical 
stirrer  in  the  form  of  a  copper  shaft  fitted  with  arms.  By  re- 
volving this  shaft  the  fat  and  water  are  thoroughly  stirred 
and  intimately  mixed,  the  fat  being  thereby  split  into  fatty 
acids  and  glycerin.  Instead  of  saponification  with  water 
alone,  it  has  been  recommended  to  add  a  small  quantity  of 
caustic  lye — containing  about  2  per  cent,  of  caustic  soda — to 
the  mixture  of  fat  and  water. 

G.  F.  Wilson  and  G.  Payne  proposed  the  decomposition  of 
the  fat  by  superheated  steam,  and  to  distil  over  the  acids 
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formed  as  well  as  the*  glycerin.  However,  the  process  did  not 
come  up  to  expectations  on  account  of  the  great  difficulty  of 
keeping  the  temperature  of  the  fat  to  be  decomposed  exactly  at 
that  required,  namely,  590°  to  599°  F.  If  the  temperature 
rises  above  the  latter  point  two  much  glycerin  is  decomposed 
to  acrolein,  which  renders  the  operation  troublesome,  and  if  it 
falls  below  the  former,  the  process  of  decomposition  progresses 
too  slowly.  If,  however,  the  fat  is  exposed  in  a  finely  divided 
state  to  the  superheated  steam,  the  temperature  can,  according 
to  Horschelt,  be  kept  within  much  wider  limits  without  more 
than  the  ordinary  amount  of  acreolein  being  formed,  or  decom- 
position being  retarded. 

The  behavior  of  fats  towards  sulphuric  acid  was  first  scien- 
tifically investigated  in  1836,  by  Fr6my,  but  an  industrial 
application  of  his  experiments  was  not  attempted  until  1840, 
when  George  Gwynne  patented  a  process  for  decomposing  fats 
with  sulphuric  acid.  This  process  failed  on  account  of  the  ' 
purification  of  the  fatty  acids  obtained,  since  for  the  induc- 
tion of  saponification  with  sulphuric  acid  a  further  operation 
was  required,  namely,  distillation  of  the  fatty  acids  with  super- 
heated steam.  The  process  of  decomposing  the  fats  with  sul- 
phuric acid  and  distilling  the  fatty  acids  by  the  use  of  super- 
heated steam  was  patented,  in  1842,  by  William  Colly  Jones 
and  George  Wilson. 

Saponification  with  sulphuric  acid  may  be  effected  by  two 
different  methods.  According  to  one,  the  sulphuric  acid  is 
allowed  to  act  for  several  hours  upon  the  heated  fat,  while  ac- 
cording to  the  other,  the  fat  heated  to  between  220°  and  230° 
F.  is,  for  a  few  minutes  only,  brought  in  contact  with  a  few 
per  cent,  of  sulphuric  acid  of  66°  B.  and  saponification  thus 
started  is  finished  by  boiling  for  several  hours  with  water  con- 
taining sulphuric  acid.  The  latter  process  is  preferable  ;  when 
carefully  conducted  good  products  are  obtained  and  there  is 
less  loss  than  in  the  former  method. 

Saponification  with  sulphuric  acid  yields  a  larger  quantity 
of  candle  material  than  the  autoclave  process — hence  more 
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solid  fatty  acids  and  consequently  lees  oleic  acid — which 
proves  that  a  portion  of  the  latter  is  converted  into  solid 
material. 

Connstein,  Hoyer,  and  Wartenberg  have  recently  made  ex- 
periments with  the  object  of  utilizing  for  industrial  applica- 
tion the  well-known  fact  that  certain  ferments  are  capable  of 
decomposing  fats.  They  used  for  this  purpose  the  ferment 
contained  in  the  castor  bean.  According  to  Connstein,  the 
process  is  as  follows : 

Fresh  castor  beans  are  ground  in  a  mill  or  between  stone 
rolls,  and  then  intimately  mixed  with  the  melted  fat  to  be  de- 
composed. The  hulls  may  eventually  be  removed  by  decant- 
ing or  sifting,  though  it  is  not  necessary.  For  every  220  lbs. 
of  fat  22  lbs.  of  ground  beans  are  required.  To  the  mixture 
of  fat  and  beans,  40  to  100  per  cent,  of  acidulated  water  is 
added.  For  acidulation  acetic  acid  (7  to  21  ozs.  of  glacial 
acetic  acid  in  220  lbs.  of  water)  is  preferably  used.  Fat,  beans 
and  acidulated  water  are  then  thoroughly  mixed  by  stirring 
and  allowed  to  stand  at  the  ordinary  temperature  of  a  room. 
The  ferment  soon  becomes  active  and  in  about  2  hours  20  to 
40  per  cent,  of  the  fat  is  split.  By  carefully  stirring  the  mix- 
ture, for  about  5  minutes  every  hour,  by  means  of  a  crutch 
or  mechanical  stirrer,  or  by  blowing  in  air,  a  splitting  of  at 
least  85  to  90  per  cent,  is,  in  24  hours,  secured.  This  will  be 
satisfactory  to  most  soap  boilers,  and  it  \^ill  but  seldom  be  at- 
tempted to  obtain  an  increased  splitting  from  90  to  95  per 
cent,  by  allowing  the  mixture  to  stand  for  a  longer  time. 

When  splitting  is  completed  the  next  operation,  namely, 
the  separation  of  the  mixture  into  glycerin  water,  fatty  acids  and 
particles  of  beans  begins.  For  this  purpose  the  use  of  heat  and 
dilute  sulphuric  acid  is  recommended.  The  mixture  is  heated 
by  direct  or  indirect  steam,  eventually  also  by  a  direct  fire,  to 
176°  F.,  and  dilute  sulphuric  acid — for  every  220  lbs.  of  fat 
about  4.4  lbs.  25  per  cent,  sulphuric  acid — introduced.  It  will 
then  be  noticed  that  the  particles  of  beans  floating  in  the  mass 
fall  to  the  bottom  as  if  they  were  coagulated,  so  that  in  a 
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short  time  three  sharply  separated  layers  will  be  observed ;  1, 
on  the  bottom  of  the  vessel  a  layer  of  acid  glycerin  water ;  2, 
floating  above  it  a  layer  of  emulsion  consisting  of  particles  of 
beans,  glycerin  water  and  fatty  acid,  and,  3,  above  this,  clear 
fatty  acid.  The  proportional  quantities  are  about  us  follows  : 
If  for  instance,  220  lbs.  of  fat,  142  lbs.  of  acidulated  water  and 
15.4  lbs.  of  fresh  beans  (after  removing  by  sifting  6.6  lbs.  of 
hulls)  have  been  used,  the  quantity  of  1 — the  acid  glycerin 
water  on  the  bottom  of  the  vessel  will  amount  to  about  110 
lbs.;  that  of  2 — the  layer  of  emulsion — to  about  48.4  lbs.;  and 
that  of  3* — clear  fatty  acid — to  about  209  lbs.  A  yield  of 
about  138.6  lbs.  of  glycerin  water  and  220  lbs.  of  fatty  acid 
(taking  into  consideration  the  oleic  acid  derived  from  the 
castor  beans)  might  have  been  expected. 

Thus,  of  the  expected  yield,  there  can  at  once  be  obtained 
in  an  available  form,  about  80  per  cent,  of  glycerin  water  and 
95  per  cent,  of  fatty  acid.  The  missing  20  per  cent,  of  glyce- 
rin water  and  5  per  cent,  of  fatty  acid  are  contained  in  the 
layer  of  emulsion.  The  latter  is  brought  into  a  special  vessel, 
mixed  with  warm  water,  and  stirred.  The  water  dissolves  the 
glycerin  in  the  layer  and  is  then  drawn  off  from  the  bottom. 
The  5  per  cent,  of  fatty  acid  is  best  obtained  from  the  washed 
middle  layer  by  saponifying  the  entire  layer  in  the  ordinary 
manner  with  soda  lye  and  separating  the  soap  with  common 
salt.  According  to  Connstein's  statement  the  particles  of 
beans  and  other  impurities  remain  in  the  spent  lye.  This, 
however,  is  not  correct,  since  in  salting  out  a  considerable 
portion  of  the  hulls  of  the  seeds  remains  in  the  soap.  This 
drawback  is  now  overcome  by  the  use  of  a  castor  bean  extract 
in  place  of  comminuted  castor  beans. 

Twitchell  obtains  a  nearly  complete  saponification  of  the 
fats  and  oils  by  the  addition  of  1  to  2.5  per  cent,  of  a  sulpho- 
aromatic  combination.  The  latter  is  obtained  by  the  action 
of  concentrated  sulphuric  acid  upon  a  solution  of  oleic  ocid  in 
an  aromatic  hydrocarbon.  With  the  use  of  benzol  a  product 
is  obtained  which  Twitchell  considers  as  corresponding    to 
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CeH4(808H)(.Ci8H850,*).  Saponification  takes  place  by 
heating  in  a  current  of  steam,  but  still  more  readily  so  in  the 
presence  of  a  few  per  cent,  of  free  fatty  acids  as  a  starting 
material,  they  being  especially  suitable  to  induce  saponification. 

The  chemical  process  which  takes  place  in  this  method  has 
not  yet  been  completely  elucidated.  Lewkowitch*  explains 
the  action  of  this  reagent  by  its  ability  to  emulsify  the  glyce- 
rides.  He  is  of  the  opinion  that  during  the  treatment  with 
steam  sulphuric  acid  is  formed  so  to  say  in  statu  nascendiy 
which  then  acts  upon  the  glycerides,  sulpho-combinations 
being  at  the  same  time  formed,  and  the  latter  are  then  more 
readily  saponified  with  water  than  the  glycerides  themselves. 
This  method  differs,  however,  essentially  from  the  process  of 
saponification  with  sulphuric  acid  in  that  no  oleic  acid  is  con- 
verted into  solid  material.  For  this  reason  the  fatty  acids 
obtained  by  this  process  have  the  same  composition  as  those 
prepared  by  the  autoclave  method  ;  however,  they  readily  ac- 
quire a  dark  color  when  not  excluded  from  the  access  of  air. 

The  products  of  saponification  are,  according  to  the  process 
employed,  glycerin  and  fatty  acids,  or  glycerin  and  soap. 
The  fatty  acids,  as  far  as  they  are  of  importance  to  the  soap 
manufacturer,  will  be  referred  to  later  on.  A  few  words  may 
here  be  said  in  regard  to  glycerin  and  the  general  j)roperties 
of  soap. 

Glycerin,  In  the  manufacture  of  stearin,  glycerin  is  ob- 
tained in  the  form  of  a  watery  solution  showing  at  the  utmost 
A9  to  5°  B.  In  the  ordinary  lime  saponification  the  splution 
is  so  thin  as  to  scarcely  act  upon  the  hydrometer.  It  contains 
more  or  less  impurities  according  to  the  method  by  which  it  is 
obtained,  sulphuric  acid  being  the  principal  impurity  in  the 
product  resulting  from  acid  saponification.  The  sulphuric 
acid  is  fixed  by  the  addition  of  slaked  lime  until  alkaline  re- 
action takes  place,  and  the  glycerin  is  then  evaporated  with 
indirect  steam.     During  evaporation  the  greater  part  of  the 

^Cbemische  Tecbnologie  nnd  Analyse  der  Oele,  u.  s.  w.  1905,  S.  642- 
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sulphate  of  lime  separates,  while  a  heavy  scum  containing 
much  of  the  impure  matter  forms  on  the  surface  and  is  re- 
moved with  perforated  ladles.  When  the  glycerin  has  been 
evaporated  to  the  desired  concentration,  generally  26^  to  28® 
B.,  the  steam  is  shut  off  and  after  allowing  the  sulphate  of 
lime  to  settle,  the  supernatant  clear  glycerin  is  drawn  off  by 
means  of  a  siphon.  The  sediment  is  washed  with  water  and 
the  latter  evaporated  together  with  a  fresh  lot. 

The  evaporation  of  glycerin  in  open  vessels,  however,  in- 
volves loss,  and  some  manufacturers  evaporate  in  a  vacuum, 
an  apparatus  with  revolving  cylinder,  constructed  by  Leon 
Droux,  being  very  suitable  for  the  purpose.  It  will  be  de- 
scribed later  on  in  speaking  of  the  utilization  of  spent  lyes 
from  grained  soaps. 

The  glycerin  liquor  obtained  by  the  ordinary  process  of 
saponification  by  lime,  or  in  the  autoclave,  is  turbid  froln 
finely  divided  particles  of  lime,  which  cannot  be  removed  by 
filtering.  Hence  the  glycerin-liquor  is  diluted  with  dilute  sul- 
phuric acid  until  it  shows  a  slightly  acid  reaction  ;  the  lime- 
soap  is  decomposed  and  the  fatty  acids  separate  on  top.  The 
glycerin  solution  is  then  filtered,  neutralized  with  calcium 
carbonate,  and  finally  evaporated  to  the  desired  concentration. 

Crude  glycerin  of  commerce  is  of  a  more  or  less  dark-brown 
color  and  contains  more  or  less  impurities  consisting  of  vola- 
tile fatty  acids,  hydrocarbons,  and  inorganic  salts,  the  latter 
being  derived  from  the  lime  and  water  used  in  saponification. 
Crude  glycerin  varies  considerably  according  to  whether  it 
results  from  acid  or  autoclave  saponification,  the  former  hav- 
ing usually  a  peculiar,  disagreeable  tang,  and  shows  strong 
dichroism.  These  properties  are  no  doubt  due  to  dissolved 
hydrocarbons.  Glycerin  produced  by  autoclave  saponification 
has  generally  a  purer  taste  and  can  be  more  readily  decolor- 
ized by  animal  charcoal.  However,  the  above-mentioned 
characteristics  cannot  be  considered  as  absolutely  sure,  as  in 
some  cases  it  is  impossible  to  say  with  any  degree  of  certainty 
by  which  process  of  saponification  the  crude  glycerin  has  been 
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obtained.  By  tribasic  lead  acetate  (Goulard's  extract)  alHhe 
impurities  naturally  occurring  in  crude  glycerin  are  precipi- 
tated, but  not  any  additions,  such  as  sugar,  which  may  have 
been  made.  Now,  since  crude  glycerin  obtained  by  acid 
saponification  contains  on  an  average  more  organic  impurities 
than  the  product  resulting  from  autoclave-sapouification,  it 
may  generally  be  assumed  that  a  crude  product  which  yields 
a  heavy  precipitate  with  tribasic  lead  acetate  is  derived  from 
acid  saponification. 

While  crude  glycerin  can  be  used  for  many  technical  pur- 
poses, for  others  it  has  to  be  purified.  This  is  efl'ected  either 
by  filtration  through  animal  charcoal  or  by  distillation  with 
superheated  steam.  The  product  obtained  by  the  first  method 
is  generally  termed  in  commerce  **  refined  glycerin."  It  is 
however,  not  perfectly  pure  as  it  always  contains  a  larger  or 
smaller  quantity  of  lime  salts  and  traces  of  butyric  acid,  the 
latter  being  recognized  by  the  odor  on  rubbing  a  sample  upon 
the  hand.  Chemically  pure  glycerin  can  only  be  obtained  by 
distillation  or  by  crystallization,  the  latter  process  being,  how- 
ever, too  slow  to  be  remunerative. 

Chemically  pure  glycerin  should  not  become  turbid  by  the 
addition  of  ammonia  and  ammonium  oxalate,  nor  of  nitric 
acid  or  nitrate  of  silver.  It  should  not  smell  when  rubbed 
upon  the  hand  nor  become  colored  by  the  addition  of  nitrate 
of  silver  without  nitric  acid.  The  so-called  "  simple  distilled 
glycerin  "  generally  shows  slight  turbidity  on  adding  ammonia 
and  ammonium  oxalate,  as  well  as  nitric  acid  and  nitrate  of 
silver.  These  slight  traces  of  foreign  salts,  however,  do  not 
injure  the  value  of  the  glycerin  for  technical  •  or  other 
purposes. 

The  numerous  applications  which  glycerin  has  found  are 
chiefly  based  upon  the  following  important  properties  it  pos- 
sesses: It  is  non-fermentable,  possesses  great  solvent  power 
for  a  number  of  substances,  is  non-drynig,  and  its  watery  solu- 
tions, even  when  very  weak,  freeze  only  at  low  temperatures. 
On  account  of  its  softening  and  smoothing  eflect  on  the  skin, 
it  is  used  in  the  preparation  of  toilet;,  soaps  and  cosmetics. 
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By  treating  glyc5erin  with  a  mixture  of  concentrated  nitric 
and  sulphuric  acids,  nitro-glycerin — a  very  explosive  body — 
is  formed;  it  is  the  basis  of  dynamite  and  similar  blasting 
agents.  The  glycerin  which  is  to  be  used  for  the  preparation 
of  nitro-glycerin  should  not  contain  any  chlorine  or  lime,  and 
must  be  as  free  as  possible  from  organic  impurities. 

In  the  manufacture  of  soap  the  glycerin  passes  either  into 
the  soap,  as  in  half-grained  and  soil  soaps,  or  into  the  spent 
lye,  as  in  grained  soaps.  Its  recovery  from  the  spent  lye  is 
connected  with  difficulties  on  account  of  the  presence  of  large 
quantities  of  common  salt.  The  methods  used  for  the  pur- 
pose will  be  given  later  on. 

Soaps. — The  ordinary  soaps  of  commerce  are,  generally 
speaking,  mixtures  of  the  potassium  and  sodium  salts  of  stearic, 
palmitic,  and  oleic  acids,  and  if  cocoa-nut  and  palm-oils  are 
used  as  an  addition,  also  of  lauric  acid.  They  are  soluble  in 
ether,  benzol,  and  petroleum  ether.  Their  alcoholic  solutions 
are  transparent  and  admit  of  filtering ;  at  a  certain  degree  of 
concentration  they  form  a  jelly.  By  evaporating  them  to  drj- 
ness  the  soap  is  left  behind  as  a  clear,  transparent,  solid  mass, 
free  from  crystalline  admixtures. 

Soaps  show  a  peculiar  behavior  towards  water.  While 
they  dissolve  to  a  clear  solution  in  boiling  water,  a  solution 
in  cold  water  is  peculiarly  turbid  and  opalescent.  If,  accord- 
ing to  Knapp,  a  piece  of  soap  is  placed  in  a  wire  net  or  cloth, 
and  suspended  just  below  the  level  of  cold  water  in  a  tall 
vessel,  a  certain  amount  of  the  constituents  of  the  soap  passes 
gradually  into  solution,  while  the  residue  remains  as  a  coher- 
ent piece  of  the  original  shape.  This  insoluble  residue  re- 
mains even  when  the  water  is  repeatedly  renewed.  It  pre- 
sents a  wood-like  fibrous  appearance,  and  forms,  so  to  say,  the 
skeleton  of  the  original  soap-mass.  A  piece  of  soap  placed  in 
cold  water  and  frequently  shaken  or  stirred  with  it,  dissolves 
to  a  whitish,  milky,  opaque  mass  in  which  floats  a  residue 
which  renders  the  mass  turbid  and,  when  moved  in  the  light, 
exhibits  a  silky  luster  which  is  frequently  quite  remarkable. 
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The  fluid  shows  great  tendency  towards  forming  an  abundance 
of  foam  which  remains  standing  for  a  long  time.     Solution  in 
cold  water  is,  therefore,  incomplete.     When  hot  clear  aqueous 
soap  solution  is  diluted  with  water,  it  becomes  turbid  and,  on 
shaking,  a  foam  which  holds  for  a  long  time  is  formed.     This 
turbidity  is  caused  by  the  dissociation  of  the  neutral  salt. 
This  dissociation — the  hydrolysis  of  the  soap — takes  place  very 
gradually  and  depends  on  the  quantity  of  water  added  as 
well  as  on  the  temperature.     An  addition  of  free  alkali  re- 
tards dissociation,  as  well  as  an  addition  of  alcohol.     Absolute 
alcohol — even  90  to  95  per  cent,  alcohol — dissolves  neutral 
soap  without  dissociating  it.     Chevreul  found  that  a  solution 
of  neutral  potassium  stearate,  CigHsgOgK,  in  20  parts  of 
boiling  water,  yields,  after  adding  1000  parts  more  of  boiling 
water  and  allowing  to  cool,  an  acid  potassium  stearate  of  the 
composition  CigHsgOgK.CigHaeOa,  while  potassium  hydrate 
and  an  almost  imperceptible  trace  of  stearic  acid  remain  in 
solution.     Alkali  is  also  withdrawn  from  the  potassium  stear- 
ate by  a  larger  quantity  of  cold  water,  and  acid  salt  remains 
behind.     Neutral  sodium  stearate  dissolved  in  2000  to  3000 
parts  of  hot  water  and,  when  allow^ed  to  cool,  yields  the  acid 
salt  CigHagOgNa.CigHseOa,  which  is   insoluble   in   water. 
There  also  exist,  according  to  Chevreul,  acid  oleates,  and  he 
obtained  from  weighed  quantities  of  oleic  acid  and  potassium 
hydrate,  potassium  bioleate  in  the  form  of  a  substance  soluble 
with  great  diflSculty  in  water  and  scarcely  capable  of  being 
filtered.     On  the  other  hand,  regarding  the  action  of  water 
upon  neutral  oleates  he  says:  "The  potassium  oleate  is  deli- 
quescent and  for  the  spontaneous  decomposition  of  its  solution 
it  has  to  be  largely  diluted  with  water  and  exposed  for  quite 
a  long  time  to  a  low  temperature." 

Hence,  according  to  Chevreul,  the  effect  of  water  upon  soap 
is  simply  a  splitting-off  of  alkali.  This  view  is,  however,  con- 
tested by  many  chemists,  especially  by  Rotondi,*  A.  Fricke,t 

*  Seifenfabrikant,  18S6,  8.  284.  t  Dingier.    Poljtech.  Joar.  209,  S.  46. 
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and  M.  Dechan  and  T.  Maben.*  Rotondi  is  of  the  opinion 
that  soaps  are  not  decomposed  into'  alkaline  bioleate  and  free 
alkali,  but  into  alkaline  oleate  and  a  basic  alkaline  oleata 
Fricke  considers  it  probable  that  in  grained  tallow  soap  the 
sodium  oleate  dissolves,  while  the  sodium  palmitate  or  stearate 
separates  in  nacreous  threads.  He  further  found  that  the  resi- 
due left  by  lixiviating  soap  in  cold  water  is  even  insoluble  in 
hot  water,  and  that  alcohol  dissolves  only  0.48  per  cent,  of  it, 
it  being,  however,  freely  soluble  in  the  hot  solution  of  the 
extracted  portion.  Dechan  and  Maben  are  of  the  opinion 
that  by  the  saponification  of  fats  not  only  neutral  salts  are 
formed,  so  that  the  process  is  not  only  according  to  the  follow- 
ing equation : 

C3H,(C,,H,,0«)3+3NaHO=3C,3H350,Na+C3H,(HO)3, 

Stearine  Sodium  hydroxide    Sodium  stearate      Glycerin 

but  also  basic  salts,  hence,  salts  of  the  formula  Na9(Ci8Hg50j) 
NaO.  By  treating  such  a  salt  with  cold  water,  decomposition 
takes  place  according  to  the  following  equation  : 

Naa(Ci3H3503)NaO  +  H^O  =  CigHg^O^Na  +  2NaOH. 

Tribasic  sodium  stearate  Water        Neutral  sodium  Sodium 

stearate  hydroxide. 

Rotondi  has  thoroughly  investigated  the  action  of  water 
upon  soap.  He  sought  to  solve  the  question  with  the  assist- 
ance of  dialysis  to  which  he  subjected  solutions  of  pure  Mar- 
seilles soap,  and  arrived  at  the  following  conclusions:  1. 
Neutral  soaps  with  an  alkali  as  a  basis  (C„H8„_iM09)  are  de- 
composed by  water  into  basic  soaps  (CoHg„iiMOsOMH),  solu- 
ble in  hot  and  cold  water,  and  in  acid  soaps  (C^Hb^.iMOi 
C^HgnOa)  insoluble  in  cold,  and  ver)'  sparingly  soluble  in,  hot 
water.  2.  The  decomposition  of  neutral  soaps  takes  place 
more  freely  in  hot  than  in  cold  water,  and  more  rapidly  or 
more  slowly  according  to  the  concentration  of  the  solution  and 
the  prevailing  temperature.     3.  The  basic  soaps  diflFuse  freely, 

*  Seifenfahrikant,  1886,  8.  91. 
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but  the  acid  ones  with  difficulty.  4.  The  solution  of  basic 
soap  obtained  by  dialysis  may  contain  some  neutral  soap, 
which  can  be  decomposed  into  basic  and  acid  soaps,  until  the 
solution  finally  contains  only  basic  soap.  5.  By  the  decora- 
position  of  neutral  soaps  by  water  neither  alkaline  hydroxide 
nor  alkaline  carbonate  is  liberated,  which  is  readily  shown  by 
precipitating  the  neutral  soaps  with  common  salt  and  analyz- 
ing the  fluid  after  filtering. 

F.  Krafft  and  A.  Stem  *  subjected  neutral  sodium  palraitate 
to  the  action -of  varying  quantities  of  water.  In  the  different 
experiments  2  grammes  of  finely  triturated  common  salt  were 
boiled  with  200,  300,  400,  and  900  times  the  quantity  of  pure 
water,  whereby  heavy  foaming  always  took  place,  and  the 
fluid  represented  a  turbid  solution,  apparently  holding  in 
suspension  extremely  fine  drops  of  melted  free  fatty  acid  com- 
parable with  milk  much  diluted  with  water.  On  cooling,  a 
micro-crystalline  mass  with  nacreous  luster  always  separated. 
This  mass,  according  to  the  quantity  of  water  used,  could  be 
more  or  less  readily  filtered  off,  the  process  sometimes  requir- 
ing one  or  two  days,  and  succeeding  most  rapidly,  without 
clogging  the  filter  and  without  turbid  filtering,  by  allowing 
the  precipitate  to  stand  for  some  time,  shaking  occasionally. 
In  this  manner  the  above-mentioned  chemists  found  that  the 
neutral  sodium  palmitate  when  boiled  with  900  times  the 
quantity  of  water,  forms,  on  cooling,  the  acid  sodium  palmi- 
tate(Ci2H3i09Na.Ci,H3  209),  while,  on  the  other  hand,  with 
the  use  of  smaller  quantities  of  water  mixtures  of  acid  and 
neutral  soaps  are  obtained.  They  further  found  that  in  the 
alkaline  filtrates  obtained  from  the  separation  of  the  acid 
soaps,  a  noticeable  precipitation  or  turbidity  was  never  pro- 
duced by  the  addition  of  mineral  acids,  such  as  would  have 
been  the  case  if  the  alkaline  oleates  had  been  decomposed  into 
non-soluble  acid,  and  readily  soluble  basic,  salts.  The  neutral 
sodium  stearate  behaves  in  the  same  manner  as  sodium  pal- 

*  Seifenfabrikant,  1894,  S.  669. 
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mitate.  Pure  neutral  sodium  oleate  (Cj  gHggOjNa),  according 
to  KrafTt  and  Stern,  dissolves  clear  in  about  10  times  its 
quantity  of  cold  water,  while  heat  is  required  for  the  stearate 
or  palmitate.  While,  however,  the  solution  of  the  sodium 
stearate  or  palmitate  is  rendered  turbid  by  much  hot  water 
and  is  perceptibly  decomposed,  the  solution  of  the  sodium 
oleate,  when  more  water  is  added,  remains  at  first  clear,  and  a 
very  slight  turbidity  consisting  very  likely  of  fine  drops  of 
oleate  is  only  produced  on  the  addition  of  200  times  the 
weight  of  water ;  this  turbidity  is  not  very  marked  even  with 
900  parts  of  water,  and  disappears  immediately  on  the  addi- 
tion of  a  small  quantity  of  alkali.  However,  the  acid  sodium 
oleate  (CigH3j09Na.Ci8H3^02)  behaves  in  an  entirely  differ- 
ent manner.  It  is  a  solid  salt  and  dissolves  immediately  when 
brought  into  a  large  quantity  of  water,  a  heavy  milky  turbi- 
dity consisting  of  innumerable  extremely  fine  drops  of  oleate, 
clearly  distinguishable  under  the  microscope,  being  formed. 
Hence,  while  from  what  has  been  above  said,  alkaline  stearate 
and  palmitate  are  decomposed  only  by  hot  water,  with  acid 
sodium  oleate  this  is  the  case  at  the  ordinary  temperature. 

The  alkaline  salts  of  the  lower  homologues  of  the  saturated 
fatty  acids  behave  in  a  difl*erent  manner  from  the  correspond- 
ing salts  of  stearic  and  palmitic  acids,  hydrolytic  splitting  de- 
creasing as  the  molecules  become  smaller.  While  Kraffl 
found  that  1  gramme  sodium  stearate  in  300  parts  of  water 
splits  off  soda  lye  equivalent  to  0.0171  Na,  and  1  gramme 
sodium  palmitate,  under  the  same  conditions,  soda  lye  equiva- 
lent to  0.0143  Na,  he  says  in  regard  to  lauric  acid  :  "  The 
separation  was  less  abundant  than  with  the  two  higher  acids." 
To  the  investigations  of  C.  Stiepel  *  we  are  indebted  for  the 
knowledge  of  the  interesting  fact  that  there  are  soap-forming 
fatty  acids— caprylic  and  pelargonic  acids — whose  sodium 
salts  in  water  sufler  no  alkaline  splitting,  while  the  latter  is 
very  slight  with  soaps  of  caproic  acid. 

^Seifenfabrikant,  1901,  S.  1186. 
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Stiepel  also  investigated  the  behavior  of  a  number  of  natural 
fats  in  aqueous  solution  and  found  that,  as  regards  their  be- 
havior, the  fatty  acids  of  natural  fats  which  consist  of  palmitic, 
stearic  and  oleic  acids,  conform  in  eveiy  respect  to  the  corre- 
sponding behavior  of  the  individual  fatty  acids,  i,  «.,  the  soaps 
of  these  fats  are  in  a  large  quantity  of  water  decomposed  so 
that  about  one-half  of  the  alkali  present  is  split  off.  The 
other  high  molecular  fatty  acids  of  the  natural  fats — linoleic 
acid,  physetoleic  acid,  etc. — behave  in  a  similar  manner,  but 
in  the  case  of  palm-kernel  oil  soap,  and  still  more  so,  in  that 
of  cocoanut  oil  soap,  the  presence  of  less,  or  not  at  all  dissoci- 
ated, soaps  of  lower  fatty  acids  makes  itself  felt.  While  in 
the  case  of  tallow  soaps  which  contained  7.64  per  cent.  Na, 
4.03  per  cent,  soda  was  split  off  as  caustic  soda,  hence,  52.5 
per  cent.,  in  that  of  palm-kernal  oil  soaps  which  contained 
8.74  per  cent.  Na  only  3.67  per  cent.  Na,  i.  e,  29.6  per  cent, 
was  split  off,  and  in  that  of  cocoanut  oil  soaps,  which  con- 
tained 10.1  per  cent.  Na,  only  33  per  cent.  Notwithstanding 
the  higher  total  content  of  alkali,  100  grammes  of  cocoanut 
oil  soap  split  off  less  alkali  (3.3  grammes)  than  tallow  soap 
(4.05  grammes). 

If  by  evaporation  water  be  withdrawn  from  soap  solutions 
they  become,  as  concentration  increases,  more  thickly-fluid 
and  viscid,  and  finally  the  mass  can  be  drawn  into  threads. 
When  the  solutions  in  a  thicklv-fiuid  state  are  allowed  to 
cool,  a  jelly  or  a  completely  solid  mass  is,  according  to  cir- 
cumstances, formed.  The  jelly,  and  even  the  soap  solution 
congealed  to  a  hard  solid  mass,  contain  an  abundance  of 
water,  a  considerable  portion  of  which  is  mechanically  fixed, 
and  another  chemically,  and  is  retained  at  212°  F.  This 
affinity  for  water  varies  very  much  with  soaps  from  different 
fats,  and  involves  distinctions  of  great  practical  importance. 
It  shows  itself,  on  the  one  hand,  in  tlie  quantity  of  water 
which  the  soap  in  congealing  is  capable  of  fixing — it  being 
accepted  as  a  rule  that  soaps  from  solid  fats  can  fix  more 
water — and,  on  the  other,  in  the  behavior  towards  the  mois- 
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ture  of  the  air.  Dry  potash  soaps  absorb  water  with  avidity 
from  the  air,  while  moist  soda  soaps  dry  out  in  the  air.  The 
nature  of  the  fatty  acids  exerts  a  similar  influence,  oleic  acid 
soaps  being  far  more  hygroscopic  than  solid  fatty  acid  soaps. 

When  exposed  for  a  longer  time  to  the  air, 

One  hundred  parts  by  weight  of  sodium  stearate  withdrew 
7  J  parts  by  weight  of  moisture. 

One  hundred  parts  by  weight  of  potassium  stearate  with- 
drew 20  parts. 

One  hundred  parts  by  weight  of  potassium  oleate  withdrew 
162  parts. 

The  soaps  of  oleic  acid  with  potash  as  a  basis,  even  when 
at  first  solid,  are  gradually  changed  to  a  jelly  on  exposure  to 
the  air. 

The  soap  solutions  when  congealed  to  a  hard,  solid  mass  do 
not  present,  when  their  content  of  water  does  not  exceed  a 
certain  degree,  a  homogeneous  mass,  there  appearing  on  the 
contrary  crystalline  veins  in  an  opaque,  amorphous  ground. 
The  soap  maker  calls  this  "grain  and  flux."  The  crystalline 
veins  are  without  doubt  formed  by  acid  alkaline  stearate  and 
acid  alkaline  palmitate. 

In  the  presence  of  other  bodies  having  great  aflBnity  for 
water,  the  behavior  of  soaps  towards  water  undergoes  con- 
siderable modifications.  A  piece  of  soda  soap  placed  in  a 
cold  concentrated  common  salt  solution  floats  in  it  like  mer- 
cury; it  does  not  dissolve  in  it  but  remains  perfectly  solid. 
On  heating  the  salt  solution  the  soap  softens  to  a  thick  viscid 
mass  which  floats,  sharply  separated  from  the  salt  solution,  on 
top  and,  on  shaking,  is  divided  into  flakes  which  again  collect 
when  at  rest.  The  soap  thereby  yields  water  to  the  common 
salt  solution,  but  only  to  a  certain  amount,  which  it  retains 
fixed.  Hence  soda  soap  is  insoluble  in  cold  and  hot  concen- 
trated common  salt  solutions. 

Soap  solution  and  common  salt  solution  mix  only  when 
diluted  to  a  certain  degree.  For  most  soaps  the  solution  has 
to  be  much  diluted,  less  dilution  being  required  only  for  soaps 
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from  palm-keruel  and  cocoanut  oils.  Solutions  of  greater 
concentration  separate  in  layers  one  above  the  other.  When 
common  salt  is  added  to  a  solution  of  soap  in  water  it  with- 
draws from  the  latter  a  certain  quantity  of  water  for  its  own 
solution,  and  separated  solutions  of  salt  and  soap  are  formed. 
Similar  effects,  though  to  a  less  degree,  are  produced  by 
solutions  of  potassium  acetate,  ammonium  chloride,  potassium 
chloride,  sodium  carbonate  and  sodium  sulphate.  Most  all 
kinds  of  soap  are  soluble  in  weak  caustic  lyes,  but  not  in 
more  concentrated  ones. 

Potash  soaps  are  decomposed  by  sodium  salts,  for  instance, 
common   salt,  Glauber's    salt,  etc.,  and    the  corresponding 
potassium  salt — potassium  chloride,  potassium  sulphate— and 
soda  soap  are  formed.     This  was  formerly  the  only  means  of  | 
preparing  hard  soaps.     The  fat  was  saponified  with  potash  lye 
and  common  salt  was  added  to  exchange  the  bases.     This  ex- 
change of  bases,  however,  is  not  complete  as  the  soap  thus 
prepared  always  contains  potash  and  is  in  consequence  some- , 
what  softer  and  more  soluble  than   that  boiled  with  pure/ 
soda  lye. 

The  processes  which  take  place  in  the  conversion  of  soft 
potash  soaps  into  hard  soda  soaps  have  been  thoroughly  in- 
vestigated by  C.  R.  Alder  Wright  and  C.  Thompson.  They 
also  found  that  the  reciprocal  transposition  between  sodium 
chloride  and  potassium  oleate  is  only  a  partial  one,  but  pro- 
ceeds in  such  a  manner  that  the  partition  of  the  two  acids 
(fatty  acid  and  hydrochloric  acid)  takes  place  in  accordance 
with  their  numbers. 

In  making  their  experiments,  Wright  and  Thompson 
treated  the  fatty  acid  to  be  examined  at  the  same  time  with 
the  quantity  of  potash  and  soda  required  for  neutralization, 
hence,  1  equivalent  of  acid  to  2  equivalents  of  alkali.  A 
weighed  quantity  of  fatty  acid  was  brought  into  the  required 
quantity  of  mixed  lyes,  then  heated  on  a  water  bath  and,  when 
melted,  thoroughly  shaken.  The  fluids  were  allowed  to  clarify 
by  standing  and  a  portion  of  the  clear  solutions  was  used  for 
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analysis.     The  results  obtained  with  the  different  fatty  acids 
used  for  the  experiments  were  as  follows  : 


Fattj  acids  used. 


Stenric  acid 

Crude  stearic  and  oleic  acids  (tallow) 

Crude  stearic,  palmitic  and  oleic  acids  (palm  oil 

and  tallow)  

Crude  lauric  acid  (cocoanut  oil) 


Per  cent  of  the  fatty  acids 
converted  into 


Soda  soap. 


51.2 
60,8 
61.5 

48.2 
49.7 


Potash  soap. 


48.8 
49.2 
48.6 

51.8 
60.3 


From  this  it  may  be  inferred  that  in  treating  a  potash  soap 
with  the  equivalent  quantity  of  soda  nearly  as  much  soda 
soap  is  formed  as  in  treating  soda  soap  with  potash,  while 
about  one-half  of  the  alkalies  used  remain  unchanged.  The 
result  of  direct  experiments  showed  that  in  treating  potash 
soaps  with  the  equivalent  quantity  of  sodium  hydroxide,  48.8 
per  cent,  of  them  is  converted  into  soda  soap,  and  in  treating 
soda  soap  with  the  equivalent  quantity  of  potassium  hydrate, 
46  per  cent,  of  it  is  converted  into  potash  soap. 

Hence,  while  in  treating-  a  soap  with  another  free  alkali  a 
partition  of  the  bases  in  the  fatty  acids  takes  place  in  the  pro- 
portion of  1:1;  the  proportion  is  a  different  one  when  an  alka- 
line carbonate  is  allowed  to  act  upon  the  fatty  acid  combina- 
tion of  another  alkali.  The  determination  of  the  products  of 
reaction  in  this  case  was  effected  by  shaking  the  soap  prepared 
by  heating  lye  with  fatty  acid  with  the  equivalent  quantity  of 
solution  of  the  other  alkaline  carbonate.  It  was  then  evapo- 
rated on  the  water-bath  and  the  soap  withdrawn  from  the 
residue  by  strong  alcohol.  Hence,  it  follows,  as  will  be  seen 
from  the  following  table,  that  the  proportion  of  potash  con- 
tained as  potash  soap  in  the  final  product  to  sodium  (as  soda 
soap)  is  far  greater  than  that  of  the  potash  as  potassium  car- 
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bonate  to  soda  in  the  form  of  sodium  carbonate,  no  matter 
whether  potash  soap  was  treated  with  sodium  carbonate  or 
soda  soap  with  potassium  carbonate. 


Fatty  acids  need. 


Stearic  aod  oleic  acids  .... 

8teariC|  palmitic  and  oleic  acids  f 
(palm  oil  and  tallow)    .   .      \ 

Crude  lanric  acid  (cocoanut  oil)  -| 
Cmde  ricinoleic  acid  (castor  oil)  < 


So<1a  soap  treated 
with  K,CO,.    Per 
cent,  of  total  fatty 
acids  preftent  equiva- 
lent to  the  added 

KjCO,.      NajCO,. 


10.1 

45.7 
100  00 
104  2 

57  2 
108  0 

52.8 
114.8 

60.00 
100.00 


8.0 
84.4 
97.95 
99.00 
52  1 
90  8 
46.4 
87.9 
48.4 
93.8 


Potash  soap  treated 
with  Na,CO,.    Per 
cent,  of  total  fatty 
acids  present  equiva- 
lent to  the  added 

KjCO,.        Na,CO,. 


100  0 
1000.0 

177.0 

197.0 


205.0 


4.3 
15.0 

9.5 

6.2 

8.2 


This  explains  the  effect  produced  as  regards  texture  and 
grain  by  the  treatment  of  soda  soaps  with  potash  solution;  the 
hard  soda  soaps  being  partially  converted  into  soft  potash 
soaps.  Now,  while  in  the  presence  of  fatty  acid  and  carbonic 
acid,  on  the  one  hand,  and  potassium  and  sodium  on  the 
other,  the  reaction  between  the  components  takes  place  so 
that  potash  soap  (and  sodium  carbonate)  are  preponderatingly 
formed,  the  proportion  is  just  the  reverse  when  alkaline  chlo- 
rides are  used  in  place  of  the  carbonate. 

In  making  experiments  relative  to  this  matter,  a  known 
quantity  of  fatty  acid  was  divided  into  two  equal  portions, 
and  one  of  them  neutralized  with  potash  lye  and  the  other 
with  soda  lye.  Both  the  soaps  were  then  mixed  and  dis- 
solved in  hot  water  (150  molecules  to  1  molecule  of  the  soap 
mixture).  The  solution  was  then  treated  at  212®  F.  with  a 
mixture  of  equivalent  quantities  of  potassium  and  sodium 
chloride  (20  molecules  ot  the  mixture)  by  introducing  the 
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mixture  in  the  form  of  powder,  with  constant  shaking,  into 
the  solution.     The  results  were  as  follows : 


Fatty  acids  nsed. 

Per  cent,  fatty  acids 
contained  as 

Molecular  propor- 
tion of  the  soda 
soap  to  the  potash 
soap. 

Potash  soap. 

Soda  soap. 

Pare  oleic  acid 

Grade  ricinoleic  acid 

Stearici  oleic  and  sylvic  acids  . 
Grade  lauric  acid 

38.0 
17.8 
17.2 
16.1 

62.0 
82.2 
82.8 
85.9 

1.63  : 1 
46    :1 
4.8    :1 

5.7    :1 

1 

Further  experiments  were  made  regarding  (a)  the  quanti- 
ties of  potash  soaps  which  are  separated  from  a  solution  in  M 
molecules  water  by  N  molecules  sodium  chloride  to  1  molecule 
potash  soap,  and  (&),  the  quantities  of  soda  soap  from  a  solu- 
tion of  M  molecules  water  by  N  molecules  potassium  chloride 
to  1  molecule  soda  soap.  The  results  of  the  experiments  were 
as  follows  : 


Fatty  acids. 


M 


Stearic  and  oleic  acids  .  < 

Stearic  palmitic  and  oleic 
acids  (palm  oil  and  tallow) 

Grade  lauric  acid  .   . 


(a).  Potash  soap 

separated  with 

NaGl. 


(b).  Soda  soap  sepa- 
rated with  KC'l. 


^   Per  cent,  of  the  separated  fatty  acids  as 


1 

100 
200 

5 
20 

200 

20 

200 

20 

Potash 
soap. 


10.5 
5.1 


3.8 
5.4 


Soda 
soap. 


89.5 
94.9 


96.2 
94.6 


95.8 

74.8 


Soda 
soap. 


20.9 
17.9 


4.2 
25.2 
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The  soaps  of  the  alkalies  are  completely  decomposed  by  the 
salts  of  the  metals  of  the  earths  and  of  the  heavy  metals,  be- 
cause the  earthy  oleates,  etc.,  which  are  formed  are  insoluble 
in  water. 

In  aqueous  solutions  of  ammonia  soaps,  dissociation  takes 
place  to  a  far  greater  extent  than  is  the  case  with  the  salts  of 
the  alkali  metals.  The  aqueous  solutions  lose  ammonia  by 
heating  and  for  this  reason  neutral  ammonia  soaps  can  scarcely 
be  prepared  on  a  large  scale.  By  allowing  ammonia  soap  to 
stand  under  a  glass  bell  over  sulphuric  acid,  ammonia  is  at 
first  rapidly  given  up  until  the  remaining  quantity  contains 
about  one-half  the  amount  of  ammonia  of  a  neutral  soap.  By 
allowing  the  acid  soap  thus  formed  to  stand  for  a  longer  time 
it  further  loses  ammonia,  but  much  less  rapidly  than  at  first. 
The  acid  soaps  of  stearic  and  lauric  acids  appear  in  this  re- 
pect  to  keep  less  constant  than  those  of  oleic  and  ricinoleic 
acids.  By  boiling  ammonia  soap  solution,  complete  decompo- 
sition takes  place  so  that  the  fatty  acid  as  such  finally  floats 
upon  the  water. 

It  cannot  be  very  readily  decided  on  what  the  detergent 
action  of  soap  depends.  Chevreul  showed  that  for  the  saponi- 
cation  of  the  fats  and  oils  a  certain  quantity  of  alkali  is  re- 
quired. With  the  use  of  a  smaller  quantity  of  alkali  the  fat 
not  attacked  forms,  as  he  observed,  if  not  a  chemical  combi- 
nation, at  least  an  intimate  mixture  with  the  soap,  and  this 
mixture  yields  with  water  an  emulsion  which  no  longer  spots 
fabrics.  An  emulsion  of  this  character  is  formed  in  degreas- 
ing  whereby  the  fatty  bodies  which  are  removed  from  the 
stufis  are  not  saponified.  Hence,  according  to  Chevreul,  the 
detergent  action  of  soaps  depends  essentially  on  their  ability 
to  emulsify  fats.  According  to  Berzelius,  the  use  of  soap  for 
washing  depends  1,  on  its  power  as  an  emulsion-like  ssolution 
to  take  up  from  the  stufi"  fatty  matter,  which  thereby  dissolves 
in  the  soap  water,  and  2,  upon  the  facility  with  which  its  dis- 
solved salts  yield  their  alkali.'  Neutral  oleate  is  at  the  ordi- 
nary temperature  more  readily  decomposed  than  carbonic  acid 
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is  expelled  from  alkaline  carbonates,  and  is  favorably  dis- 
tinguished from  the  caustic  alkalies,  which  would  be  cheaper 
washing  agents,  by  saving  the  clothes,  skin,  etc.  Other  chem- 
ists explain  the  action  of  soap  as  a  purely  chemical  one. 
Kobbe  says :  "  The  detergent  action  of  soap  is  due  to  the  fact 
that  the  alkaline  oleates  when  in  contact  with  a  large  quan- 
tity of  water  are  decomposed  to  free  alkali  and  an  acid  salt 
which  is  insoluble  in  water  and  forms  with  it  a  strong  foam. 
The  alkali  carries  away  the  fatty  dirt  of  the  objects  treated 
with  soap,  and  the  foam  contributes  to  its  mechanical  re- 
moval." 

According  to  Rotondi,  the  detergent  action  of  soaps  depends 
on  the  fact  that  they  are  decomposed  by  water  into  basic 
soaps  which  are  soluble  in  cold,  and  still  more  so,  in  hot 
water,  and  into  acid  soaps,  and  that  the  basic  soaps  possess 
the  property  to  emulsify  fats.  This  theory,  however,  is  not 
tenable  as  Krafft  and  Stem  have  proved  the  non-existence  of 
basic  salts. 

Knapp's  theory  deserves  attention.  He  is  of  the  opinion 
that  the  detergent  action  of  soap  is  principally  due  to  the 
great  power  of  wetting  substances  possessed  by  soap  solutions, 
which  in  this  respect  surpass  nearly  all  other  liquids.  The 
dissolving  effect  of  soap  upon  grease  and  dirt  presupposes  an 
extremely  intimate  contact  between  the  substance  to  be  dis- 
solved and  the  solvent,  and  this  contact  is  rendered  possible 
by  the  wetting  power  of  soap  solutions.  Soap-water  penetrates 
tissues,  etc.,  with  greater  ease  and  more  completely  and  wets 
the  surfaces  more  thoroughly  than  mere  water ;  it  readily  dis- 
lodges the  condensed  layer  of  air  upon  the  surface,  and  by 
capillarity  forces  itself  between  the  surface  of  the  substances 
to  be  cleansed  and  the  adhering  particles  of  dirt,  dissolving 
and  removing  them. 

A  very  original  explanation  of  the  detergent  powers  of  soap 
has  been  advanced  by  Professor  Jevons,  of  London.  He  ob- 
served that  inorganic  as  well  as  organic  particles  suspended 
in  water  remain  in  a  peculiar  shaking  and  trembling  motion, 
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provided  their  diameter  does  not  exceed  ^^^  inch.  To  this 
phenomenon  he  applied  the  term  **  pedesis/*  a  Greek  word 
meaning  a  motion  by  leaps  or  bounds.  Upon  this  tact  Jevons 
bases  his  explanation  of  the  effect  of  soap.  We  would,  there- 
fore, have  to  suppose  that  the  particles  of  soap  suspended  in 
the  water  dash  at  the  particles  of  dirt,  thus  dissolving  and 
washing  them  away.  Nearly  all  substances  soluble  in  water 
have,  it  is  claimed,  the  power  of  interrupting  pedesis,  which, 
according  to  Jevons,  explains  the  fact  that  distilled  water  or 
[>ure  rain-water  possesses  great  cleansing  power,  since  it  pro- 
duces a  high  degree  of  pedesis,  while  the  comparatively  small 
effect  of  hard  water  is  due  to  a  considerable  decrease  of  pedesis, 
in  consequence  of  the  earthy  salts  dissolved  in  the  water. 

That  the  action  of  soap  is  not  a  purely  chemical  one  is 
proved  by  the  fact  that  soap  from  sylvic  acids  and  lower 
members  of  the  fatty  acid  series  dissociate  not  at  all,  or  only 
very  slightly,  in  aqueous  solution,  but  nevertheless  possess 
detergent  powers.  Hence,  the  opinion  may  be  expressed  that 
the  detergent  action  of  soap  rests  in  the  first  place  upon  a 
physical  basis,  though  in  most  cases  the  free  alkali  already 
present  in  the  soap  or  formed  by  splitting  may^also  partici- 
pate in  the  detergent  action. 

Soap  possesses  in  a  high  degree  disinfecting  and  deodorizing 
properties.  According  to  experiments  made  by  the  Berlin 
Health  Commission  a  solution  of  1  part  potash  soap  in  10,000 
parts  water  completely  prevents  the  development  of  anthrax 
Viacilli.  Whether  this  disinfecting  property  depends  only  on 
the  free  alkali  in  the  soap  or  on  that  splitting-off  by  solution,, 
has  not  yet  been  determined. 


CHAPTER  III. 

OCCURRENCE    AND    MANNER   OP   OBTAINING    AND    PURIFYING 

FATS    AND    FAT   OILS. 

Occurrence  and  manner  of  gaining  fats  and  oils, — The  fats  are 
widely  distributed  throughout  the  animal  and  vegetable  king- 
doms. In  the  animal  organism  fat  occurs  in  all  tissues  and 
organs  and  in  all  fluids  except  normal  urine.  In  plants  it  is 
found  partly  scattered  throughout  the  entire  plant  and  partly 
heaped  up  in  certain  organs,  especially  in  the  seeds  and  coty- 
ledons. 

The  vegetable  fats  occurring  in  moderate  climates  are  liquid 
at  the  ordinary  temperature.  They  are  obtained  by  grinding 
or  crushing  the  seed,  packing  the  meal  thus  produced  in  cloth 
bags  and  subjecting  the  latter  to  strong  pressure,  or  by  extrac- 
tion with  a  solvent  such  as  carbon  disulphide,  benzine,  and, 
in  recent  times,  carbon  tetrachloride. 

Most  of  the  vegetable  fats  occurring  in  warm  climates  are 
solid  at  our  ordinary  temperatures.  They  are  mostly  obtained 
in  the  country  of  their  origin  by  boiling  the  oleaginous  seeds 
and  fruits  with  water.  Some  of  them,  such  as  palm-kernels, 
copra  (the  dried  pulp  of  the  cocoanut),  etc.,  are  also  exported 
to  Europe  and  America,  where  the  fat  is  obtained  by  pressure 
or  extraction. 

The-  fat  from  animal  substances  is  generally  obtained  by 
heating  over  an  open  fire  or  with  steam.  With  the  use  of  the 
latter  its  action  is  mostly  assisted  by  the  addition  of  acids  or 
caustic  alkalies.  In  come  cases  the  separation  of  the  fat  from 
the  enclosing  membranes  is  effected  by  steam  under  pressure  in 
closed  tanks.  From  bones  the  fat  is  frequently  extracted  with 
benzine. 
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Purififmg  and  refining  fats  and  oils. — The  fats  and  oils,  no 
matter  by  what  method  they  are  obtained,  are  never  entirely 
pure;  they  always  contain  more  or  less  foreign  substances 
derived  from  the  raw  materials,  which  form  an  obstacle  in 
their  use  for  many  purposes.  The  animal  fats  contain  gener- 
ally particles  of  flesh  and  blood,  which,  if  not  removed,  would 
in  a  certain  sense  act  as  ferments  and  promote  rancidity. 
The  fata  are,  therefore,  purified  by  remelting  upon  water  over 
an  open  fire  or  with  the  assistance  of  steam. 

V^etable  oils  contain  more  or  less  mucilage  and  other  sub- 
stances in  solution,  which  give  to  the  oil  a  milky  turbidity. 
These  foreign  substances  exert  a  disturbing  influence  if  the  oil 
is  to  be  used  for  lubricating  or  illuminating  purposes,  it 
becoming  soon  rancid,  and  in  burning  cliokes  up  the  wick 
and  deposits  soot.  It  is,  therefore,  subjected  to  a  purifying 
process  called  "  refining,"  and  the  oil  thus  treated  is  termed 
"  refined  oil." 

Oils  for  illuminating  purposes  are  best  refined  by  means  of 
concentrated  sulphuric  acid,  the  latter  possessing  the  property 
of  carbonizing  most  organic  substances  with  which  it  is 
brought  in  contact.  It  withdraws  hydrogen  and  oxygen  from 
these  organic  bodies,  a  carbonized  black  mass  remaining  be- 
hind which  is  insoluble  in  the  ordinary  solvents.  In  this 
manner  the  foreign  substances  contained  in  the  oil  are  also 
destroyed.  To  be  sure,  the  oils  themselves  do  not  resist  the 
energetic  action  of  concentrated  acids.  However,  by  using 
only  a  small  quantity  of  concentrated  sulphuric  acid  the  latter 
acts  especially  upon  the  admixed  foreign  substances,  carbon- 
izing them.  According  to  the  condition  of  the  oil  the  quan- 
tity of  sulphuric  acid  required  varies  from  1  to  1}  per  cent., 
if  the  oil  is  treated  at  the  ordinary  temperature.  By  heating 
the  oil  by  steam  to  between  122°  and  140°  F.  less  than  1  per 
cent,  acid  will  in  most  cases  be  required.  However,  the  oil 
must  not  be  kept  too  cold  during  the  entire  operation,  as  it 
then  becomes  too  thickly-fluid  and  the  substances  carbonized 
by  the  sulphuric  acid  settle  with  diSiculty, 
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The  sulphuric  acid  is  added  in  a  thin  stream  and  whilst 
constantly  stirring.  The  oil  assumes  a  dark  green  color. 
Stirring  is  continued  until  a  drop  of  oil  placed  upon  a  porce- 
lain plate  shows  that  the  carbonized  substances  have  coagu- 
lated to  a  black  flake  floating  in  the  clear  yellow  oil.  Stirring 
is  then  discontinued  and  the  oil  allowed  to  stand  quietly  six 
to  twelve  hours.  When  the  carbonized  substances  have 
settled  on  the  bottom  the  oil  is  drawn  off  into  a  large  vat, 
and  one-fourth  to  one-third  of  its  volume  of  hot  water  added. 
The  whole  is  then  moderately  stirred  for  a  quarter  of  an  hour, 
and  allowed  to  stand  until  the  oil  separates  from  the  water. 
The  latter  is  then  drawn  off  through  a*  cock  placed  immedi- 
ately above  the  bottom  of  the  vat,  and  the  washing  of  the  oil 
repeated  once  or  twice  to  remove  the  last  traces  of  sulphuric 
acid  adhering  to  it.  For  the  complete  attainment  of  this  ob- 
ject, it  has  been  recommended  to  add  some  lime-paste  or  chalk 
to  the  water  for  the  neutralization  of  the  sulphuric  acid. 
Such  addition  is,  however,  not  necessary,  and  is  rather  a  dis- 
advantage, since  the  lime  is  apt  to  saponify  some  of  the  oil, 
and  chaik  forms  a  disagreeable  froth  in  consequence  of  the 
development  of  carbonic  acid.  A  small  quantity  of  soda 
may,  however,  be  added  to  the  last  wash-water. 

After  the  separation  and  drawing  off  of  the  oil  from  the 
last  wash-water,  it  still  contains  some  aqueous  particles  in 
suspension.  They  will  settle,  and  the  oil  be  rendered  entirely 
clear  by  storing  for  some  time  at  not  too  low  a  temperature. 
Clarification  is  effected  still  more  quickly  by  adding  some 
common  salt  to  the  oil  before  storing  it. 

Treatment  with  sXilphuric  acid  is,  no  doubt,  the  best  method 
for  refining  oils  for  illuminating  purposes ;  for  oils  for  lubri- 
cating purposes  it  is,  however,  not  suitable,  or  at  least  oils 
thus  refined  must  be  subjected  to  special  treatment.  While 
the  opinion,  so  frequently  expressed,  that  oils  treated  with 
sulphuric  acid  always  retain  some  of  it,  is  not  correct,  because 
the  sulphuric  acid  can  be  readily  removed  by  boiling  with 
water,  oils  thus  refined  always  contain  free  fatty  acids,  and 
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must,  therefore,  be  rejected  as  lubricants,  if  not  previously 
subjected  to  a  special  process  to  free  them  from  acid.  This  is 
eflFected  by  various  methods.  One  frequently  employed  con- 
sists in  treating  the  oil  with  calcium  carbonate  (marble 
powder).  This  method  is,  however,  not  suitable,  as  the  car- 
bonate of  lime  will  only  remove  traces  of  sulphuric  acid,  but 
not  the  free  fatty  acids.  By  another  process  the  oil  is  treated 
with  a  few  per  cent,  of  lye.  This,  however,  has  the  disad- 
vantage of  the  soap-paste  formed  settling  with  diflBculty.  It 
is,  therefore,  best  to  use  concentrated  solution  of  soda  and  boil 
the  whole  with  steam.  Sodium  aluminate  is  now  also  fre- 
quently used. 

To  avoid  the  formation  of  free  fatty  acids,  Bareswil  has  pro- 
posed to  treat  the  oils  with  alkalies  instead  of  acids.  The  oil 
is  compounded  with  2  to  3  per  cent,  of  concentrated  potash  or 
soda  lye,  then  thoroughly  stirred,  and  gradually  heated.  If, 
however,  pure  caustic  lye  is  used,  we  have  again  to  contend 
with  the  drawback  of  the  oil  clarifying  with  difficulty.  It  is 
therefore  better  to  use  lyes  not  entirely  caustic,  and  even  in 
this  case  clarification  is  frequently  connected  with  difficulties, 
and  entirely  clear  oil  is  generally  only  obtained  by  filtration, 
which  is  usually  effected  through  layers  of  gravel,  the  upper 
one  consisting  of  coarse  gravel,  the  next  one  of  finer,  and  the 
last  one  of  sand. 

Bleaching  of  oils  and  fats, — The  methods  used  for  bleaching 
oils  and  fats  are  generally  the  same  as  in  other  industries : 
Air  and  light,  and  chemical  agents ;  among  the  latter  being 
lye,  sulphuric  acid,  sulphurous  acid,  chlorine,  potassium 
permanganate,  and  potassium  dichromate,  in  connection  with 
acid. 

Light  has  a  bleaching  effect  upon  all  organic  coloring 
matters,  this  action  being  based  partly  on  an  oxidation  and 
partly  on  a  disoxidation  of  the  coloring  matter.  Of  great 
importance  is  the  action  of  sunlight  upon  essential  and  fat 
oils,  as  they  are  not  only  bleached,  but  the  first  are  also 
quickly  resinified,  and  the  latter  soon  become  rancid.  Small 
4 


50  MANUFACTURE   OP   SOAP. 

quantities  of  oil  are  frequently  bleached  by  exposure  to  air. 
For  this  purpose  the  oil  in  carboys  or  in  flat  zinc  boxes  is  ex- 
posed to  the  sunlight.  On  a  large  scale  bleaching  with  air 
and  light  is  frequently  employed  for  palm-oil,  which  will  be 
referred  to  later  on. 

In  soap  factories  lye  is  much  used  for  bleaching  linseed  and 
cottonseed  oils,  5  to  10  per  cent,  of  potash  lye  of  28®  to  30°  B., 
according  to  the  condition  of  the  oil,  being  usually  employed 
for  the  purpose.  The  oil  is  first  heated,  best  by  direct  steam, 
and  the  lye  than  added  with  vigorous  stirring.  The  soap- 
paste  separated  in  allowing  the  mass  to  rest  is  best  used  for 
dark  soft  soap.  Where  the  demand  for  the  latter  is  a  suffi- 
ciently large  one,  bleaching  with  lye  is  simple  and  cheap. 
But  where  the  demand  is  chiefly  for  pale,  transparent  soft 
soaps,  bleaching  with  sulphuric  acid  is  preferred.  For  2000 
pounds  of  oil  60  to  80  pounds  of  sulphuric  acid  of  66°  B., 
previouslj'  diluted  with  20  pounds  of  water,  are  used.  (In 
diluting  sulphuric  acid  with  water,  the  acid  is  poured  into 
the  water.)  The  diluted  acid  is  then  poured  in  a  thin  stream 
into  the  oil,  stirring  constantly.  The  oil  soon  acquires  a  dark 
green  color,  and  stirring  is  continued  for  twenty  minutes. 
120  to  160  pounds  of  warm  water  are  then  poured  through  a 
rose  over  the  oil  and  thoroughly  mixed  with  it  by  stirring. 
The  oil  now  assumes  a  pale  green  color,  which  indicates  the 
success  of  the  bleaching  process.  The  oil  is  then  covered  and 
allowed  to  stand  for  a  few  days  for  clarification.  It  has  then 
a  milky-white  appearance,  due  to  finely  divided  particles  of 
water,  and  can  be  immediately  used  for  the  manufacture  of 
pale  soft  soaps. 

For  bleaching  with  sulphurous  acid,  it  is  best  to  use  acid 
sodium  sulphite.  It  exerts,  even  in  aqueous  solution,  a  vigor- 
ous bleaching  effect,  and  a  still  more  powerful  one  when  the 
solution  is  compounded  with  some  sulphuric  acid  ;  the  latter 
should  be  diluted  and  very  gradually  added  as  otherwise  a  too 
violent  evolution  of  sulphurous  acid  is  induced.  For  bleach- 
ing 100  lbs.  of  oil  1  to  1^  lbs.  of  acid  sodium  sulphite  are  re- 
quired. 
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For  bleaching  with  calcium  chloride  pour  about  ten.  times 
its  weight  of  water  over  it,  let  the  mixture  stand  for  some 
time,  frequently  stirring  it,  and  then  allow  the  sediment  to 
settle.  Add,  whilst  constantly  stirring,  enough  of  the  super- 
natant liquor  to  the  oil  to  be  bleached  (previously  compounded 
with  some  sulphuric  acid)  until  it  appears  to  be  sufficiently 
bleached.  It  is  then  washed  with  hot  water  and  clarified  by 
filtering.  This  method  of  bleaching  cannot,  however,  be 
recommended  on  account  of  the  chlorine  developed  attacking 
the  oils  and  fats  too  strongly. 

Potassium  permanganate,  in  connection  with  sulphuric  acid, 
was  formerly  much  used  for  bleaching  palm  oil.  A  solution 
of  the  permanganate  strongly  acidulated  with  sulphuric  acid 
was  added,  whilst  constantly  stirring,  to  the  melted  palm  oil, 
and  the  stirring  continued  }  to  1  hour.  The  oil  was  then 
allowed  to  rest  until  the  next  day.  The  bleached  oil  settled 
upon  the  brownish  fluid;  this  was  removed  and  the  oil  re- 
peatedly washed  with  hot  water  and  then  allowed  to  settle; 
pyrolusite  (manganic  peroxide)  was  frequently  substituted  for 
potassium  permanganate.  To  the  heated  oil  compounded 
with  dilute  sulphuric  acid  was  added  in  small  quantities  and 
with  constant  stirring  finely  pulverized  pyrolusite  until  the 
mass,  at  first  black,  assumed  a  light  appearance.  The  pro- 
cess was  then  finished  in  the  same  manner  as  with  the  potas- 
sium permanganate. 

Both  of  these  processes  have,  however,  been  universally 
superseded  by  that  of  bleaching  with  potassium  dichromate, 
which  was  first  made  public  by  Watt  in  1836.  While  he 
used  potassium  dichromate  and  sulphuric  acid,  hydrochloric 
acid  is  now  generally  substituted  for  the  latter.  Watt  recom- 
mended the  process,  not  only  for  palm  oil,  but  also  for  tallow 
and  other  fats.  Its  execution  is  similar  to  that  with  potas- 
sium permanganate  and  sulphuric  acid,  and  will  be  referred 
to  more  fully  under  palm  oil.  Watt  also  published  a  process  to 
regain  the  potassium  chromate  used.  The  green  liquor  formed 
beneath  the  fat  is  drawn  off,  diluted  with  water,  and  then 
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compounded  with  thick  lime-paste  until  the  sulphuric  acid  is 
saturated,  i.  e,,  until  the  acid  reaction  disappears.  The  gyp- 
sum formed  is  then  allowed  to  deposit,  the  clear  green  solution 
drawn  of,  and  after  washing  it  once  more,  carefully  precipi- 
tated with  milk  of  lime  until  the  green  color  disappears.  The 
precipitate  is  thoroughly  washed,  dried,  and  heated  to  a  red 
heat  upon  an  iron  plate.  The  powder  gradually  becomes 
yellow,  and  can  be  used  for  fresh  bleaching  operations  by 
compounding  it  with  sulphuric  acid  so  that  the  latter  slightly 
preponderates.  This  process  of  regaining  the  bleaching  agent 
will  of  course  only  pay  where  very  large  quantities  are  used. 

Hydrogen  peroxide  being  at  present  manufactured  on  a 
large  scale  is  now  also  used  for  bleaching  oil,  and  has  been 
especially  recommended  for  bleaching  olive  oil  foots.  Com- 
mercial aqueous  solution  of  hydrogen  peroxide  is  known  as 
ten-volume  peroxide  of  hydrogen,  it  yielding  about  ten  vol- 
umes of  active  oxygen,  and,  according  to  weight,  is  equivalent 
to  from  2.5  to  3  per  cent.  The  hydrogen  peroxide  solution 
should  be  intimately  mixed  with  the  oil.  It  does  not  act  very 
energetically,  and  much  more  slowly  than  the  previouslj'- 
mentioned  bleaching  agents,  several  days  being  required  before 
the  oil  is  sufficiently  bleached,  and  during  this  time  it  has  to 
be  frequently  stirred.  Upon  many  oils  it  exerts  no  bleaching 
effect  whatever;  linseed  oil,  for  instance,  which  was  finely 
discolored  by  the  sulphuric  acid  process,  was  not  bleached  at 
all  by  hydrogen  peroxide. 

Animal  charcoal  has  also  been  recommended  for  bleaching 
oil.  It  is,  however,  not  well  adapted  for  the  purpose,  as  it 
very  rapidly  loses  its  bleaching  power  in  contact  with  oil. 


CHAPTER  IV. 

EXAMINATION  OF  FATS  AND  FAT  OILS. 

In  examining  fats  and  fat  oils  problems  of  varying  natures 
may  present  themselves  for  solution.  It  may  be  required  to 
determine  the  chemical  constitution  of  a  fat,  its  identity,  its 
percentage  of  solid  and  liquid  glycerides,  glycerin,  and  free 
fatty  acids,  and  an  intentional  or  unintentional  contamination 
with  other  fats  or  oils,  or  with  foreign  admixtures.  The  solu- 
tion of  the  first  problem — the  chemical  constitution  of  a  fat 
or  oil — belongs  to  science,  and  therefore  does  not  require  our 
attention  here ;  the  other  examinations  are,  however,  fre- 
quently required  in  the  fat  industry,  and  we  will,  therefore, 
refer  to  various  methods  in  use.  They  may  be  divided  into 
three  classes:  1.  Organoleptic  methods;  2.  Physical  methods; 
and  8.   Chemical  m^ethods. 

1.  Organoleptic  methods. — ^The  organoleptic  means,  i.  e,  odor, 
taste,  and  color,  are  generally  employed  in  commerce  as  cri- 
terione  of  the  quality  of  an  oil.  Their  use  requires,  of  course, 
great  experience,  and,  besides,  they  are  by  no  means  reliable, 
since  the  color,  taste,  and  odor  of  oils  not  only  undergo  altera- 
tion by  age,  but  vary  according  to  derivation  ;  linseed-oil 
from  Russian  seed  having,  for  instance,  a  different  taste  from 
that  from  Indian  seed.  The  odor  of  an  oil  is  generally  tested 
by  rubbing  a  few  drops  upon  the  palm  of  the  hand.  It  has 
also  been  proposed  to  carefully  heat  a  few  drops  of  the  oil  to 
be  examined  in  a  small  porcelain  dish,  and  when  suflSciently 
cool  to  rub  some  upon  the  palm  of  the  hand  and  smell,  care- 
fully comparing  the  odor  evolved  with  that  arising  from  a 
known  pure  sample  of  the  same  kind  and  quantity  of  the  oil 
similarly  treated. 

(53) 
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However,  the  physical  and  chemical  methods  are  only  of 
actual  value  for  the  examinatiou  of  fats,  and  even  they  are,  in 
many  cases,  misleading. 

Sampling. — If  a  larger  lot  of  fat  or  oil  is  to  be  tested,  it  is 
first  of  all  necessary  to  obtain  a  fair  average  sample.  With 
oils  this  is  comparatively  easy.  In  case  stearin  has  separated 
it  must,  as  uniformly  as  possible,  be  distributed  throughout  the 
oil  by  stirring,  or  by  rolling  the  barrel.  A  fair  average  sample 
of  solid  fats  is  not  so  readily  obtained.  According  to  Lew- 
kowitsch,*  the  following  method  is  generally  employed  in 
sea-ports  and  factories  :  Several  cylinders  of  fat,  each  at  least 
8  inches  long  and  |  inch  thick,  are  taken  by  means  of  a 
sampler  from  each  barrel,  and  the  weight  of  the  correspond- 
ing barrel  is  noted  on  these  samples.  The  separate  samples 
are  then  mixed  in  quantities  corresponding  to  the  net  weight 
of  the  barrels,  and  the  mass  thus  obtained  is  heated  in  a  dish 
on  a  water  bath  at  a  temperature  not  exceeding  140^  F.,  being 
frequently  stirred.  The  fat  being  melted  the  dish  is  removed 
from  the  water  bath,  and  the  mass  thoroughly  stirred  so  that 
water  and  impurities  cannot  settle  on  the  bottom  of  the  vessel. 

The  first  steps  in  the  examination  of  the  fats  are,  the  deter- 
mination of  Water,  and  of  such  readily  removable  foreign  sub- 
stances as  adhere  to  the  fats  while  being  produced  and  have 
been  intentionally  or  unintentionally  added,  and  the  prepara- 
tion of  a  pure  fat-substance  freed  from  these  readily  remov- 
able matters.  It  must,  however,  be  borne  in  mind  that  a 
number  of  fat-like  substances,  such  as  resin,  paraffin,  mineral 
oils,  tar  oil  and  rosin  oil,  may  be  intimately  mixed  with  the 
fats.  These  can  only  be  detected  and  their  quantities  deter- 
mined in  the  further  examination  of  the  fats. 

Determination  of  water.  About  5  grammes  of  the  fat  are 
brought  into  a  tared  small  beaker  or  glass  dish  furnished  with 
a  glass  rod,  and  dried,  with  frequent  stirring,  till  the  weight 
remains  constant. 

*Chemi8che  Technologic,  Bd.  1,  S.  160. 
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Fats,  especially  tallow,  are  sometimes  fraudulently  mixed 
with  caustic  potash  or  potash  soap,  which  imparts  to  them 
the  property  of  absorbing  larger  quantities  of  water.  In  this 
case  the  fat  is  not  obtained  free  from  water  by  drying  at  212° 
P.,  and  it  is  then  advisable  to  determine  the  content  of  fat, 
impurities,  and  potash,  and  find  the  content  of  water  from  the 
difference. 

Determination  of  non-fats^  i.  e.,  solid  foreign  substances,  such 
as  fragments  of  skin,  parts  of  plants,  dirt,  etc.  Extract  10  to 
20  grammes  of  fat  in  a  small  flask  with  benzine ;  then  pour 
through  a  tared  filter  previously  dried,  and  wash  the  latter 
with  the  same  solvent  till  no  grease  spot  is  lefl  behind  when 
a  drop  of  the  filtrate  is  evaporated  upon  paper.  The  dirt 
contained  in  the  fat  is  found  from  the  increase  in  weight  of 
the  filtrate. 

An  abundant  organic  residue  remaining  behind  in  extract- 
ing is  tested  by  moistening  with  iodine  solution  ;  the  appear- 
ance of  a  blue  coloration  indicates  the  presence  of  amylaceous 
substances,  which  is  also  detected  by  a  microscopical  exam- 
iuation  of  the  fat. 

Owing  to  imperfect  purification  after  refining,  the  fats  may 
contain  sulphuric  acid,  alkaline  carbonates,  alum  and  lead. 
Sulphuric  acid  is  detected  by  vigorous  shaking  with  distilled 
water,  allowing  to  settle,  and  compounding  the  aqueous  fiuid 
with  barium  chloride.  A  white  precipitate  indicates  the  pres- 
ence of  sulphuric  acid.  A  content  of  alkalins  carbonates  is 
detected  by  shaking  the  oil  with  water  and  testing  the  latter 
for  alkaline  reaction  with  litmus  paper.  Alum  is  detected  by 
shaking  with  water  to  which  a  small  quantity  of  nitric  acid 
has  been  added,  evaporating  the  aqueous  solution  and  com- 
pounding with  ammonia.  In  the  presence  of  alum  a  white 
precipitate  is  formed. 

If  a  fat  contains  larger  quantities  of  foreign  substances,  a 
direct  determination  of  the  content  of  fat  is  also  made.  This 
may  be  done  in  combination  with  the  determination  of  the 
content  of  solid  foreign  substances  by  evaporating  the  filtrate 
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obtained  in  a  tared  vessel,  and  drying  and  weighing  the  resi- 
due.    In  the  presence  of  mucilaginous  and  amy- 
Fio.  2.       laceous  substances,  the  determination   is  more 
conveniently  and  more  accurately  made  by  mix- 
,  ing  about  5  grammes  of  the  fat  with  four  to  five 

times  the  quantity  of  finely  ground  gypsum,  dry- 
ing the  mass  at  212°  F.,  and  then  bringing  it 
into    an    exhauster,   the   instrument    generally 
known  as  "Soxhiet'stube"  being  very  suitable  for 
this  purpose.     An  improved  form  of  it,  less  fragile 
and  more  readily  constructed,  is  shown  in  Fig.  2. 
The  substance  to  be  exhausted  is  contained  in  a 
case  of  filter  paper,  which  should,  however,  not 
be  filled  up  to  the  top,  and  to  prevent  small  par- 
ticles of  the  substance  from  being  washed  away, 
a  piece  of  cotton-wool  is  placed  upon  the  sub- 
stance.    To  prevent  the  lower  opening  of  the 
siphon  from  being  closed  by  the  case,  the  latter 
is  placed  upon  an  annular  strip  of  ebeet-tin.     The  lower  end 
of  the  tube  B  is  made  to  pass  through  a  perforated  cork  into 
a  flask  of  100  cubic  centimeters'  capacity,  which  has  previ- 
ously been  charged  with  50  ccni.  of  solvent — chloroform,  ether 
or  benzine.     Then  bring  into  the  exhausting  cylinder  enough 
solvent  until  it  runs  oH  through  the  siphon,  connect  A  with 
an  inverted  condenser,  and  heat  the  flask  on  the  water-bath. 
The  vapors  of  the  fluid  in  the  flask  pass  through  B  to  A  and 
partly   also  into  the  condenser  where  they  are   condensed. 
The  fluid  collects  in  A,  penetrates  the  substance  and  finally 
reaches  /*,  when  it  is  siphoned  off  and  A  completely  emptied, 
this  process  being  about  twenty  to  thirty  times  repealed  ac- 
cording to  the  degree  of  heating.     Filters  containing  the  pre- 
cipitates to  be  exhausted  are  simply  folded  and  placed  in  the 
instrument. 

The  examination  of  the  fats  freed  from  water  and  non-fats 
forms  the  most  important  part  of  the  analysis.  In  most  cases 
the  admixtures  consist  only  of  water  and  solid  substances,  and 
drying  and  filtering  the  fatty  substance  suffice. 
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Physical  methods.  In  testing  oils  it  has  been  sought  to 
utilize  the  following  physical  properties :  Cohesion,  degree  of 
viscosity,  specific  gravity,  melting  and  congealing  points, 
solubility  in  glacial  acetic  acid,  and  electric  conductivity. 

Cohesive  figures.  When  a  drop  of  oil  is  allowed  to  fall  gently 
on  the  surface  of  a  glass  plate  or  on  the  level,  smooth  bottom 
of  a  porcelain  dish,  it  assumes  different  forms.  Tomlisson, 
and  later  on,  Hallwachs,  made  these  forms  the  subject  of  spe- 
cial investigation,  and  found  that  certain  varieties  of  oil,  and 
even  mixtures,  assume  definite  forms  by  their  particles  adher- 
ing more  closely  together  or  spreading  out  more  on  the  edge, 
but  as  yet  little  success  has  attended  experiments  in  this 
direction. 

Viscosity.  The  oils,  as  previously  mentioned,  are  distin- 
guished by  a  certain  degree  of  viscosity,  or  resistance  to  flow, 
due  to  the  greater  or  less  cohesion  between  the  constituent 
particles  of  the  liquid.  This  can  be  readily  determined  by 
the  rate  at  which  an  oil  flows  through  an  orifice  of  standard 
dimension. 

Determination  of  specific  gravity.  This  is  of  more  importance 
for  testing  oils  than  the  preceding  methods.  Special  hydrome- 
ters, so-called  oleometers  or  oil-balances,  have  been  constructed 
for  commercial  use.  They  are  so  weighted  or  graduated  as  to 
adapt  themselves  to  the  densities  of  the  leading  fixed  oils.  The 
instruments  in  general  useareGobby's  and  Lefebvre's  oleome- 
ters, Fisher's  oil-balance,  and  Brix's  hydrometer  for  lighter 
liquids.  The  scale  of  Gobby's  oleometer  is  divided  into  50°, 
and  it  floats  at  0®  or  zero  in  pure  poppy  oil,  at  38°  or  38.5°  in 
pure  almond  oil,  and  at  50°  in  pure  olive  oil.  The  standard 
temperatureof  the  instruments  made  in  England  is  now  60°  F.; 
of  those  made  on  the  Continent,  54.5°  F.  The  oil,  before  test- 
ing it,  must  therefore  be  brought  to  this  normal  temperature 
by  plunging  the  glass  cylinder  containing  it  into  either  hot 
or  cold  water,  as  the  case  may  be;  or  a  correction  of  the  ob- 
served density  must  be  made.  The  latter  is  done  by  deduct- 
ing  two   from   the   indication   of  the   instrument   for   each 
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degree   of  the  thermometer  above  the  normal  temperature 
of  the  inetrament,  and  adding  two  for 
Fro.  3.  every  degree  below  it.     Thus :  Suppose 

the  temperature  of  the  oil  at  the  time 
of  the  experiment  is  60°  F.  and  the 
oleometer  indicates  61°;  then — 
60.0"  actual  temperature. 
54.5°  normal  temperature. 

5.6°  difference. 
Indication  of  the  oleometer  61.0° 
The  difference  5.5  X  2  =     11.0° 

Real  density,  60.0° 
Lefebvre's   oleometer,    Fig.   3,   is  so 
graduated  that  the  specific  gravity  is 
directly  read  off,  when  immersed  in  a 
fluid  at  the  standard  temperature  of 
15.6°  C.  (60°  F.).     At  various  points 
the  average  specific  gravities  of  nor- 
mal oils  of  different  kinds  are  marked 
off — linseed  oil,  cotton-seed  oil,  etc. — 
and,  to  save  figures,  only  the  second 
and  third  decimal  places  are  given — 
i.  e.,  1 5  indicates  0.9150  specific  gravity. 
To  facilitate  reading,  the  oils  are  indi- 
cated by  a  color  as  near  alike  as  that 
acquired  by  them  by  the  test  witli  sul- 
phuric acid.     If  the  temperature  of  ihe 
oils  differs  slightly  from  the  normal 
one  of  15.5°  0.,  a  correction  is  made  by 
adding   (or  subtracting)   §  X  .001    for 
every  degree  of  temperature  above  (or 
below)  the  standjird,  this  correction   being  based  on  the  fact 
that  most  oils  expand  on   heating  to  nearly  the  same  extent, 
so  that  the  sjiecific  gravity  becomes  lowered  by  about  .00068 
per  1°  C;. 
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Although;  generally  speaking,  oleometers  give  good  results 
in  testing  oils  as  to  their  purity,  the  statements  cannot  be 
implicitly  relied  on.  The  variations  in  the  specific  gravities 
of  oils  are  very  slight,  and  exact  experiments  have  shown  that 
the  variations  of  the  specific  gravity  of  one  and  the  same 
variety  of  oil  are,  according  to  ag^  mode  of  production,  etc., 
frequently  as  great  as  the  difference  between  the  oil  and  an- 
other one  used  as  an  adulterant.  To  overcome  this,  Laurot, 
in  1841,  constructed  an  oil-balance  for  testing  the  oils  at  212° 
F.,  but  this  proved  of  little  service,  especially  since  Scharlach 
has  shown  that  oils  do  not  expand  equally  by  heating.  The 
determination  of  the  specific  gravity  as  a  means  of  testing  fat 
oils  is  therefore  limited  to  a  few  cases,  and,  generally  speaking, 
cannot  be  considered  reliable.  However,  the  specific  gravity 
may  serve  as  a  useful  mark  of  distinction  in  determining 
whether  two  oils  are  identical  or  not.  According  to  Donny, 
one  of  the  two  samples  is  colored  slightly  red  with  alkannin, 
and  a  drop  of  it  is  allowed  to  fall  slowly  into  the  other  sam- 
ple. The  drop  will  be  suspended  or  float  upon  the  surface  or 
sink  down;  only  in  the  first  case  the  oils  may  be  supposed  to 
be  identical. 

Determination  of  the  melting  point — For  this  purpose  several 
methods  have  been  proposed,  the  following  being  the  most 
important :  1.  Suck  the  fat  inlo  capillary  tubes  and  after  al- 
lowing it  to  congeal,  place  the  tubes  in  water.  Heat  slowlj' 
and  note  by  a  thermometer  dipped  into  the  water  the  tempera- 
ture at  which  the  fat  becomes  transparent.  This  is  the  melt- 
ing point.  2.  According  to  Pohl,  the  bulb  of  a  thermometer 
is  coated  with  fat  and  the  thermometer  dipped  in  water.  The 
latter  is  then  heated  and  the  temperature  noted  at  which  the 
fat  melts  off.  3.  According  to  Bonis,  the  liquified  fat  is 
brought  into  narrow  glass  tubes  open  on  both  ends.  When 
the  fat  is  congealed  the  tubes  are  placed  under  water,  and  heat 
is  applied  until  the  liquefied  fat  is  forced  by  the  water,  passing 
in  through  the  lower  narrow  orifice,  to  the  level  of  the  sur- 
rounding layer  of  water.     In  all  these  methods  the  tubes  or 
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thermometer  with  the  re-congealed  fat  must  be  laid  aside  for 
one  or  two  days  before  being  used  for  the  experiments,  since 
fats,  especially  soft  ones,  acquire  only  very  slowly  their  natural 
solidity  after  having  been  melted. 

In  the  first  method  mentioned  above,  a  certain  degree  of 
transparency  is  considered  the  melting  point,  and  in  the  others 
a  certain  mobility  of  the  particles  of  fat.  That  these  methods 
cannot  always  give  correct  results  is  shown  by  the  great  varia- 
tion in  the  melting  points  of  fats  as  given  by  different  obser- 
vers, the  statements  regarding  the  melting  point  of  beef-tallow 
ranging,  for  instance,  between  98.5°  and  139°  F.  While 
slight  differences  may,  to  be  sure,  be  referred  to  the  natural 
variability  of  the  fats  as  secretions  of  living  organisms,  they 
cannot  be  so  considerable.  Besides  some  fats,  as  observed  by 
Wimmel,  become  entirely  transparent  only  at  a  temperature 
a  few  or  several  degrees  higher  than  that  at  which  they  en- 
tirely liquefy,  this  being  the  case,  for  instance,  with  lard  and 
with  beef  and  mutton  tallows. 

With  the  use  of  capillary  tubes,  according  to  the  method  of 
Bonis,  the  fat  will  rise  in  them  at  a  temperature  which  will 
be  the  higher  the  narrower  the  tubes  are.  But,  even  with 
the  use  of  wider  tubes,  the  results  obtained  vary  according  to 
whether  the  tubes  dip  more  or  less  deep  into  the  water,  and 
the  temperature  of  the  latter  rises  more  rapidly,  or  more  slowly, 
According  to  Rudorff,  Pohl's  method  gives  the  best  results. 
He  coats  the  bulb  of  the  thermometer  with  a  layer  of  fat  3 
millimeters  thick.  An  agreement  as  regards  an  accurate 
method  for  the  determination  of  the  melting  points  of  fats 
would  be  very  desirable,  and  so  long  as  this  is  not  the  case, 
such  determinations  are  of  but  little  value. 

There  is  less  uncertainty  regarding  the  melting  points  of 
fatty  acids  separated  from  a  fat  or  oil.  It  is  therefore  pre- 
ferable to  determine  in  the  examination  of  fats,  the  melting 
point  of  the  separated  fatty  acids. 

Determination  of  the  congealing  point, — ^The  fat  is  first  melted 
at  as  low  a  temperature  as  possible  so  that  particles  of  un- 
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melted  fat  still  float  in  the  portion  already  melted  ;  it  is  then 
allowed  to  congeal,  being  constantly  shaken.  By  noting  from 
minute  to  minute  the  readings  of  a  thermometer  dipped  in  the 
fat,  it  will  be  seen  that  with  some  fats  the  temperature  sinks 
to  a  certain  d^ree  and  after  remaining  constant  for  some  time 
sinks  still  further.  As  the  fat  congeals  during  the  constant 
temperature,  the  latter  must  be  considered  the  congealing 
point.  With  other  fats  the  temperature  sinks  to  a  certain  de- 
gree while  they  congeal  more  and  more,  but  then  rises  several 
degrees,  whereby  the  fats  become  entifely  solid.  With  some 
of  these  fats  the  maximum  to  which  the  temperature  rises  is 
constant,  and  is,  therefore,  to  be  considered  as  the  congealing 
point ;  other  fats  do  not  show  this  constancy,  and  an  exact 
determination  of  their  congealing  points  is,  therefore,  impossi- 
ble. For  the  valuation  of  a  fat  it  is  therefore  preferable,  as 
in  the  case  of  fixing  the  melting  point,  to  determine  the  con- 
gealing point  of  the  fatty  acids  separated  from  it. 

The  method  proposed  for  this  purpose  by  Dalican  has  been 
generally  adopted,  and  is  known  as  the  litre  test.  The  process 
is  as  follows:  100  grammes  of  the  sample  are  saponified,  the 
separated  fatty  acids  freed  from  water,  and  finally  filtered 
through  a  dry  folded  filter  into  a  porcelain  dish.  The  fatty 
acids  are  allowed  to  congeal  under  an  exsiccator  and  stored 
away  over  night.  The  next  day  the  fatty  substance  is  care- 
fully melted,  and  a  sufficient  quantity  of  it  is  poured  into  a 
test-tube,  15  centimeters  long  and  3.5  centimeters  wide,  to  fill 
the  latter  more  than  half  full.  The  test-tube  is  then  secured 
by  means  of  a  cork  in  the  neck  of  a  flask,  10  centinjeters  wide,, 
and  13  centimeters  high,  and  an  accurate  thermometer  gradu- 
ated in  tenths  of  a  degree  is  inserted  in  the  fatt}'  acids  so  that 
the  bulb  is  in  the  center  of  the  fattv  mass.  The  latter  is  then 
allowed  to  cool  slowly;  so  soon  as  a  few  crystals  are  observed 
on  the  bottom  of  the  test-tube,  the  mass  is  stirred  with  the 
thermometer,  care  being  had  not  to  touch  the  sides  of  the 
tube,  so  that  all  the  congealed  particles  as  formed  are  thor- 
oughly stirred  into  the  mass.     The  fatty  acids  thereby  become 
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turbid  throughout  their  entire  bulk.  The  temperature  is  now 
accurately  noted,  it  being  advisable  to  make  a  record  in  writ- 
ing of  it  at  certain  intervals.  At  first  the  temperature  falls, 
then  suddenly  rises  a  few  tenths  of  a  degree,  reaches  a  maxi- 
mum, remaining  stationary  there  for  a  short  time,  and  then 
falls  again.  The  maximum  attained  is  called  the  litre  or 
congealing  point.  According  to  Lewkowitsch  this  method 
gives  reliable  results  provided  it  is  always  executed  exactly 
under  the  same  conditions. 

E.  Valenta  has  recom'mended  the  behavior  of  fats  and  fat  oils 
towards  glacial  acetic  add  as  a  means  of  testing  them.  By  ex- 
periments he  ascertained  that  most  animal  and  vegetable  fats 
are  more  or  less  soluble  in  glacial  acetic  acid,  but  that  the 
behavior  of  the  various  oils  varies  so  much  that  it  can  be 
advantageously  utilized  for  their  characterization.  He  made 
his  experiments  by  intimately  mixing  in  a  test-tube  equal 
parts  of  oil  and  glacial  acetic  acid,  and  exposing  the  mixture 
to  various  temperatures.     Of  the  examined  fats  dissolved — 

1.  Completely  at  an  ordinary  temperature  (59°  to  68°  F.): 

Olive-kernel  oil  and  castor  oil. 

2.  Completely  or  nearly  completely  at  from  73.5°  F.  to  the 

boiling  temperature  of  the  glacial  acetic  acid:  Palm  oil, 
bay  oil,  expressed  nutmeg  oil,  cocoanut  oil,  palm-kernel 
oil,  illoopa  oil  or  Mahwah  butter,  olive  oil,  cocoa  oil  or 
butter,  sesame  oil,  pumpkin-seed  oil,  almond  oil,  cotton- 
seed oil,  peanut  oil,  Himalayan  apricot  oil,  beef  tallow, 
American  bone-fat,  cod-liver  oil. 

3.  Incompletely  at  the  boiling  temperature  of  glacial  acetic 

acid:  Colza  oil,  rape  oil,  hedge-radish  oil. 

Notwithstanding  the  fact  that  the  temperatures  at  which  the 
turbidity  of  the  solution  of  glacial  acetic  acid  commences  are 
subject  to  considerable  variations,  chiefly  due  to  the  varying 
percentage  of  free  fatty  acids  in  the  fat,  this  method  is  very 
useful  for  testing  oils,  especially  in  connection  with  others. 

Rousseau  many  years  ago  made  attempts  to  utilize  the 
electrical  conductibilUy  of  oils  for  testing  them.     His  method 
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was  based  upon  the  fact  that  all  fat  oils,  with  the  exception  of 
olive  oil,  are  good  conductors  of  electricity.  He  constructed 
a  special  apparatus,  which  he  termed  **  diagomet^ ; ''  but  the 
results  obtained  were  not  stifiiciently  accurate.  Rousseau's 
idea  has  been  recently  again  taken  up  by  Palmieri,  but  scarcely 
with  any  better  results. 

Chemical  method. — The  chemical  methods  employed  for  the 
examination  of  fats  are  based,  1,  upon  the  fact  that  oleic  acid 
is  converted  by  nitrous  acid  into  solid  elaidic  acid,  while 
linoleic  acid  is  not  altered  ;  2,  upon  the  increase  of  temperature 
the  oils  show  with  concentrated  sulphuric  acid  ;  3,  upon  the 
fact  that  the  different  oils  can  fix  a  varying  quantity  of  cal- 
cium hydrate ;  and  4,  that  they  can  fix  a  varying  quantity  of 
iodine.  For  other  industries  have  further  to  be  taken  into 
consideration,  the  determination  of  the  liquid  fatty  acids  con- 
tained in  a  fat  (Reichert-Meissl  number);  the  insoluble  fatty 
acids  contained  in  it  (Hehner's  number)  and  the  oxy  fatty 
acids  and  fatty  alcohols  (acetyl  number).  Other  chemical 
reactions  used  refer  more  to  immaterial  constituents  which 
the  fats  have  absorbed  or  retained  in  their  preparation  from 
the  vegetable  or  animal  body  from  which  they  are  derived. 

Elaidin  test, — ^This  test  is  executed  in  the  most  simple  man- 
ner by  bringing  a  few  drops  of  the  oil  to  be  examined  upon 
water  in  a  test-tube,  and  introducing  gas  developed  by  the 
action  of  nitric  acid  upon  iron  filings.  The  oleic  acid  of  non- 
drying  oils  is  converted  into  a  rigid  mass,  while  the  drying 
oils  separate,  according  to  their  quantity,  in  drops  or  as  liquid 
layers  upon  the  surface.  The  color  of  the  elaidin  formed  is 
characteristic  for  various  oils,  though  it  cannot  be  implicitly 
relied  upon,  since  there  is  a  possibility  of  the  drying  oils  not 
being  distinctly  separated  on  account  of  being  enveloped  by 
the  non-drying  ones. 

The  development  of  heat  resulting  from  the  action  of  concen- 
trated sulphuric  acid  uponfai  oils  as  a  test  for  their  purity  wa?? 
first  proposed  by  Maumend.  While  this  method  does  not 
suffice  for  all  cases,  it  cannot  be  denied  that  it  gives  good 
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results  to  distinguish,  for  instance,  drying  from  non-drying 
oils,  the  former  becoming  more  heated  than  the  latter.  The 
test  is  made  as  follows :  Mix  weighed  quantities  of  oil  and 
sulphuric  acid  by  stirring  with  a  thermometer  and  note  the 
maximum  rise  in  temperature.  The  same  test  has,  under  the 
same  conditions,  to  be  made  with  a  typical  oil,  and  the  results 
are  then  compared. 

Determination  of  the  mponification  number  L  e.  the  determina- 
tion of  the  quantity  of  calcium  hydrate  in  milligrammes  which 
is  required  for  the  complete  saponification  of  1  gramme 
of  fat.  This  method  was  first  applied  by  Koettstorfer  for  the 
detection  of  adulterations  of  cow-butter  with  other  fats.  He 
saponified  1  to  2  grammes  of  filtered  butter  fat  in  a  tall, 
covered  beaker  of  about  70  cubic  centimetres  capacity  with 
25  cubic  centimeters  of  alcoholic  potash  lye  of  about  one- 
half  standard  strength,  by  heating  on  a  water-bath  for  fifteen 
minutes  and  titrating  with  one-half  standard  hydrochloric 
acid,  using  a  very  dilute  alcoholic  solution  of  phenol-phthalein 
as  an  indicator. 

According  to  Valentia,  who  tested  a  number  of  animal  and 
vegetable  fats  by  Koettstorfer's  method,  the  following  is  the 
most  suitable  process :  The  fat  to  be  examined  (if  solid)  is  first 
melted  and  then  filtered ;  1  to  2  grammes  are  then  brought 
into  a  wide-necked  flask  closed,  during  the  subsequent  heating, 
by  means  of  a  funnel  inserted  in  the  neck. 

The  standard  (titer)  of  alcoholic  potash  lye  changes  very 
rapidly  ;  It  is  therefore  recommended  to  test  it  before  every 
series  of  experiments.  This  is  done  by  measuring  out  25  cubic 
centimetres  by  means  of  a  pipette,  then  heating  ten  to  fifteen 
minutes  on  a  water-bath,  and  finally  titrating  with  half  stand- 
ard hydrochloric  acid,  using  alcoholic  solution  of  phenol- 
phthalein  as  an  indicator.  The  lye  is  prepared  by  dissolving 
28.05  grammes  of  caustic  potash  in  96  per  cent,  alcohol,  and 
increasing  the  saturated  cold  solution  to  1  liter  by  the  addi- 
tion of  alcohol. 

For  the  determination  of  the  saponification  number,  the 
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potash  lye  is  brought  to  69*^  F.;  26  cubic  centimetres  are  then 
measured  out  hy  means  of  a  pipette  and  added  to  the  quantity 
of  fat  in  the  flask.  The  whole  is  then  heated  on  a  water-bath 
kept  near  the  boiling  temperature.  Heating  for  ten  to  fifteen 
minutes  generally  suffices,  though  some  fats  require  a  longer 
time;  for  cocoanut-oil  it  is,  however,  recommended  not  to 
exceed  twelve  minutes  in  order  to  obtain  useful  results.  The 
clear  soap  solution  is  compounded  with  phenolphthalein,  and 
the  excess  of  standard  potash  titrated  back  with  half  standard 
hydrochloric  acid,  the  point  of  neutrality  being  very  sharply 
indicated  by  the  yellow  color  of  the  liquid. 

The  final  results  are  expressed  by  the  number  of  milli- 
grammes of  potash  (KHO)  which  saponify  1  gramme  of  fat. 

According  to  the  results  obtained,  Valenta  divides  the  oils 
into  three  groups  : — 

1.  Mean  saponification  number,  193.0  :  Oils  of  apricot,  almond, 

peanut,  cotton-seed,  olive,  and  sesame. 

2.  Mean   saponification    number,    188.1 :    Oils  of  pumpkin- 

seed,  olive  kernels. 

3.  Mean  saponification  number,   177.1 :  Oils  of  colza,  rape, 

hedge  radish,  and  castor. 

Iodine  absorphon  process. — This  process  recommended  by 
Baron  Hiibl  is  of  great  value  for  testing  fats.  The  non-satu- 
raterl  fatty  acids  are  capable  of  combining  in  their  free  state,  as 
well  as  in  the  form  of  their  glycerides,  with  halogens ;  each 
molecule  of  oleic  acid  and  its  homologues  absorb  2  atoms  of 
chlorine,  bromine  or  iodine,  that  of  linoleic  acid  4  atoms,  and 
that  of  linolenic  acid  6  atoms. 

Of  the  haloids  the  use  of  iodine  was  for  many  reasons  found 
more  convenient  and  suitable  than  chlorine  or  bromine. 
Experiments,  however,  soon  showed  that  at  an  ordinary  tem- 
perature iodine  acts  very  inertly  upon  fats,  while  at  higher 
temperatures  its  efibct  is  very  unequal,  and  a  smooth  reaction 
in  the  above-indicated  sense  cannot  under  these  circumstances 
be  produced.  An  effect  satisfactory  in  every  respect  is,  how- 
ever, produced  by  an  alcoholic  solution  of  iodine  and  mercuric 
5 
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chloride.  This  mixture  reacts  upon  the  uon-saturated  fatty 
acids  at  an  ordinary  temperature,  products  of  chlorine  and 
iodine-absorption  products  being  formed,  while  the  saturated 
acids  present  remain  unaltered.  The  mixture  acts  in  the 
same  manner  upon  the  free  fatty  acids,  as  upon  glycerides, 
which,  together  with  the  easy  volumetric  determination  of 
iodine,  makes  this  test  a  very  simply  one.  Hence  for  the  de- 
termination of  the  quantity  of  iodine  which  a  fat  may  absorb, 
a  weighed  sample  of  it  has  to  be  treated  with  an  excess  of  a 
measured  quantity  of  the  alcoholic  solution  of  iodine  and 
mercuric  chloride,  diluting,  after  reaction  is  complete,  with 
water,  and  to  determine  vol u metrically  the  iodine  present, 
adding  potassium  iodide.  From  a  practical  stand-point  it 
makes  no  difference  whether  only  iodine  has  entered  into  com- 
bination, or  iodine  and  chlorine,  because  in  the  volumetric 
determination  under  the  above  mentioned  conditions  both 
elements  are  equivalent.  Experiments  have  shown  that  in 
order  to  exhaust  the  action  of  the  total  iodine,  at  least  1  mo- 
lecule of  mercuric  choride  is  required  for  every  2  atoms 
of  iodine.  Since  most  fats  dissolve  with  difficulty  in  alcohol 
it  is  advisable,  in  order  to  facilitate  reaction,  to  add  chloro- 
form which  is  entirely  indifferent  towards  iodine  solution. 

The  alcoholic  solution  of  iodine  and  mercuric  chloride 
possesses  the  disagreeable  feature  of  not  being  very  constant, 
and  it  is  therefore  necessary  to  test  the  solution  previous  to 
every  series  of  experiments. 

For  the  execution  of  the  process  are  required :  Iodine  and 
mercuric  chloride,  sodium  hyposulphite  solution,  chloroform, 
potassium  iodide  solution,  and  starch  solution.  The  alcoholic 
solution  of  mercuric  chloride  and  iodine  is  prepared  by  dis- 
solving, on  the  one  hand,  26  grammes  of  iodine  in  500  cubic 
centimeters  of  95  per  cent,  alcohol  free  from  fused  oil  and,  on 
the  other,  30  grammes  of  mercuric  chloride  in  500  ccm. 
of  alcohol.  The  latter  solution,  if  required,  is  filtered,  and 
both  solutions  are  then  combined.  The  liquid  should  be 
allowed  to  stand  6  to  12  hours  before  use.     For  the  sake  of 
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simplicity  this  solution  will  in  the  following  discussion  be 
simply  called  iodine  solution. 

For  the  sodium  hyposulphite  solution  it  is  best  to  use  about 
24  grammes  of  the  salt  in  1  liter  of  water.  It  is  standardized 
with  pure  sublimed  iodine.  The  solution  may  be  considered 
stable  except  for  extremely  accurate  determinations,  which  is 
here,  however,  by  no  means  the  case. 

The  chloroform,  before  use,  has  to  be  tested  as  to  its  purity. 
For  this  purpose  mix  about  10  ccm.  of  it  with  the  same  quan- 
tity of  the  iodine  solution,  and  after  two  or  three  hours  volu- 
metrically  determine  the  quantities  of  iodine  in  this  fluid  as 
well  as  in  10  ccm.  of  the  stock  solution.  The  chloroform  may 
be  used  if  exactly  corresponding  numbers  are  obtained  in  both 
cases. — The  potassium  iodide  solution  is  an  aqueous  solution 
in  the  proportion  of  1 :  10. — The  starch  solution  is  fresh  1  per 
cent,  paste. 

The  fat  is  preferably  weighed  in  a  light  small  glass.  After 
melting  the  fat  is  emptied  into  a  flask  having  a  capacity  of 
200  ccm.  and  furnished  with  a  glass-stopper,  and  the  glass 
together  with  the  fat  still  adhering  to  it  is  again  weighed. 
The  quantity  of  the  sample  depends  on  the  probable  absorp- 
tion of  iodine,  0.2  to  0.3  gramme  of  drying  oil  being  as  a  rule 
used,  0.3  to  0.4  gramme  of  non-drying  oil,  and  0.8  to  1  gramme 
of  solid  fats.  The  fat  is  dissolved  in  about  10  ccm.  of  chloro- 
form and  20  ccm.  of  iodine  solution  are  added.  Should  the 
fluid  not  be  perfectly  clear  aft^r  shaking,  add  a  little  more 
chloroform.  If  after  standing  a  while  the  color  of  the  fluid 
lightens  materially,  it  is  an  indication  of  not  sufiicient  iodine 
solution  having  been  used,  and  about  5  to  10  ccm.  more  of  it 
are  added  by  means  of  a  pipette.  Enough  iodine  solution 
must  be  used  for  the  fluid  to  show  a  deep  brown  coloration 
after  standing  for  1|  to  2  hours.  Reaction  is  complete  after 
this  time,  and  the  quantity  of  free  iodine  is  then  determined. 
For  this  purpose  the  product  of  the  reaction  is  compounded 
with  10  to  15  ccm.  of  potassium  iodide  solution,  shaken,  and 
diluted  with  about  150  ccm.  of  water.     A  portion  of  the  iodine 
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is  contained  in  the  aqueous  solution,  and  another  in  the 
chloroform  which  in  diluting  has  separated  and  dissolved  the 
iodized  oil.  Sodium  hj^posulphite  solution  is  now  allowed  to 
run  in,  whilst  shaking  frequently,  from  a  burette  graduated  in 
0.1  ccm.,  until  the  aqueous  fluid,  as  well  as  the  layer  of 
chloroform,  shows  only  a  slight  coloration.  Now  add  a  little 
starch  solution  and  finish  the  operation  by  carefully  adding 
sodium  hyposulphite  solution  and  frequently  shaking  the  closed 
flask.  Immediately  before  or  after  the  operation,  10  or  20  ccm. 
of  the  iodine  solution  are  titrated  with  an  addition  of  potas- 
sium iodide  and  starch  solution.  Taking  into  consideration 
the  strength  of  the  sodium  hyposulphite  solution,  the  quantity 
of  iodine  fixed  by  the  fat  is  found  from  the  differences  of  these 
two  determinations.  The  quantity  of  iodine  found  is  stated 
in  per  cents,  of  the  fat  and  this  number  is  termed  the  iodine 
number.  The  numbers  are  quite  constant  provided  a  sufficient 
excess  of  iodine  solution  has  been  present ;  this  excess  should, 
according  to  Benedikt,  amount  to  not  less  than  30  per  cent,  of 
the  quantity  of  iodine  used.  The  result  is  independent  of  the 
concentration  and  an  excess  of  mercuric  chloride,  and  at  least 

1  molecule  of  the  latter  must  be  present  for  2  atoms  of  iodine. 
According  to  Hiibl  it  does  not  matter  whether  titration  i& 
effected  after  standing  for  2  or  48  hours,  but  so  as  to  be  on  the 
safe  side,  it  should  be  executed  only  after  4  to  6  hours. 

Other  chemical  reactions  used  in  testing  fats  consist  of  color 
phenomena  appearing  under  the  action  of  certain  chemicals. 
Mailho  has,  for  instance,  observed  that  all  oils  from  CrucifersB 
(rape,  colza,  German  sesame)  form,  when  treated  with  aqueous 
potash  or  soda  lye,  potassium  sulphide  and  sodium  sulphide, 
but  that  this  formation  does  not  take  place  in  other  oils.  He 
boiled   25   to  30  grammes  of    the   oil   with   a  solution   of 

2  grammes  of  pure  sodium  hydrate  in  20  grammes  of  water 
and  then  filtered  through  a  filter  previously  moistened.  A 
strip  of  paper  previously  moistened  with  solution  of  lead  ace- 
tate or  silver  nitrate  becomes  black  if  the  oil  is  derived  from 
Cruciferse  or  contains  such  in  admixture.     If  the  sample  is 
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boiled  in  a  silver  dish,  the  latter  becomes  black,  even  if  the 
oil  under  examination  contains  but  one  per  cent,  of  an  oil  de- 
rived from  the  Cruciferse.  This  manipulation  is,  however, 
liable  to  errors,  since  oils  extracted  with  carbon  disulphide  are 
generally  not  entirely  free  from  sulphur  combinations,  and 
therefore  give  the  same  reaction.  Further,  it  occurs  sometimes 
that  barrels  used  for  transporting  oils  are  rinsed  with  sulphur- 
ous lyes,  and  the  oil,  though  pure,  will  show  the  same  reaction. 
To  avoid  this  error  it  suflBces  to  wash  the  oil,  before  testing, 
with  pure  water,  stirring  it  with  a  silver  spatula,  whereby  the 
alkaline  sulphide,  which  is  soluble  in  water,  blackens  the 
silver.  The  washing  is  continued  until  the  water  shows  no 
trace  of  sulphur.  The  oil  can  then  be  tested  in  the  above 
manner. 

Schneider's  method  of  testing  oils  for  adulteration  with 
colza  or  rape-seed  oils  may  be  considered  as  a  modification  ot 
Mailho's.  He  shakes  the  oil  with  double  its  volume  of  ether, 
adds  20  to  30  drops  of  a  saturated  solution  of  nitrate  of  silver, 
and  observes  the  coloration  of  the  oil.  If  it  contains  colza  or 
rape-seed  oil,  it  becomes  brown  to  black. 

Th.  Chateau*  and  C.  Calvertf  have  compiled  extensive 
tables  of  chemical  characteristics  for  the  various  fluid  fats. 
However,  as  the  color  reactions  appearing  by  the  action  of 
chemical  agents  readily  suffer  alterations  by  the  modes  of  gain- 
ing and  purifying  the  oils,  as  well  as  by  their  age,  they  are  of 
doubtful  value,  and  these  tables  kre  therefore  omitted. 

Determination  of  rosin  oils  and  mineral  oils.  The  fat  oils  are 
frequently  adulterated  with  cheaper  fat  oils,  principally  rosin 
oils  and  mineral  oils.  The  most  reliable  method  of  showing 
their  presence  is  the  saponification  process  first  recommended 
by  Thompson,  t.  6.,  saponifying  the  oil  under  examination, 
mixing  the  soap  formed  with  sand,  drying  the  soap,  and  ex- 
tracting with  benzine.     The  method  proposed  to  shake  the 

*Th.  Chateau.  Die  Fette,  Leipzig,  1864. 
tDinglera's  Polytech.  Journal  132,  8.  282. 
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liquid  soap  directly  with  benzine  and  to  separate  the  latter 
from  the  soap  solution  by  means  of  a  separatory  funnel,  can- 
not be  recommended.  Finkener'*'  declares  the  last  method 
entirely  useless  when  the  oil  contains  less  than  10  per  cent,  of 
non-saponifiable  oil,  and  uses  alcoholic  soda  lye  for  saponifi- 
cation, while  Thompson  recommended  alcoholic  potash  lye. 
Finkener  prefers  soda,  because  potash-soap  is  more  difficult  to 
dry  than  soda-soap,  and  proceeds  as  follows : 

Dissolve  35  grammes  of  NatHum  hydrimm  purum  in  85 
cubic  centimetres  of  water  and  pour  the  hot  solution  into  730 
grammes  of  boiling  hot  alcohol.  Bring  10  grammes  of  the 
oil  to  be  examined  into  a  flask  of  300  cubic  centimetres'  capa- 
city, add  50  cubic  centimetres  of  the  alcoholic  soda  solution, 
boil  the  whole  for  15  minutes  on  a  water-bath  and  compound 
with  5  grammes  of  sodium  bicarbonate  for  the  conversion  of 
the  excess  of  soda  used  into  carbonate.  Pour  the  solution 
upon  200  grammes  of  pure  dry  sand  in  a  metal  evaporating 
dish  and  heat  on  a  water-bath,  stirring  constantly,  until  the 
odor  of  alcohol  has  entirely  dissappeared.  The  warm  mass  is 
then  brought  into  a  glass  cylinder  of  500  cubic  centimetres' 
capacity  and  provided  with  a  stopper,  and,  after  cooling,  300 
cubic  centimetres  of  benzine,  with  a  boiling  point  below  212° 
F.,  are  added  and  the  whole  is  thoroughly  shaken  for  some 
time.  The  benzine  is  then  filtered  off  through  a  dry  filter 
into  a  dry  flask  and  150  cubic  centimetres  of  the  filtrate  are 
distilled  in  a  still.  The  residue  from  the  still  is  brought  with 
a  little  benzine  upon  a  watch-crystal  and  dried  on  a  water- 
bath  until  the  benzine  disappears.  The  residue  is  derived 
from  5  grammes  of  oil. 

In  examining  commercial  oils  in  the  manner  described,  0.5 
to  3  per  cent,  of  non-saponifiable  residue  is  obtained  even  if 
there  be  no  reason  for  suspecting  adulteration.  An  inten-. 
tional  addition  of  mineral-oil  can,  therefore,  be  only  assumed 
when  more  than  5  per  cent,  of  non-saponifiable  matter  is 
found. 

*Mittheilangen  aiu  der  Eoenigl.  techD.  Versachsanstalt,  Berlin,  1886,  S.  13. 
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Whether  the  residue  consists  of  rosin-oil  or  mineral-oil  is 
recognized  by  treating  it  with  a  mixture  of  10  volumes  of 
alcohol  of  0.8182  specific  gravity  at  60°  F.  and  1  volume  of 
chloroform.  Rosin  oils  dissolve,  according  to  Finkener's* 
investigations,  at  73.5®  F.  by  shaking  with  10  times  their 
volume  of  this  mixture,  while  mineral  oils  with  a  high  boil- 
ing point  do  not  dissolve  even  if  shaken  with  100  times  their 
volume.  Demski  and  Morawskif  treat  the  oily  residue  with 
acetone.  If  it  dissolves  in  an  equal  volume  of  acetone,  rosin- 
oil,  or  rosin-oil  compounded  with  a  little  mineral-oil,  is  indi- 
cated ;  if  a  portion  remains  undissolved,  the  sample  consists 
of  mineral-oil  or  mineral-oil  compounded  with  a  little  rosin-oil. 

The  presence  of  rosin  in  fats  is  readily  shown  by  its  solubil- 
ity in  alcohol  and  soda  solution.  By  repeatedly  heating  the 
sample  of  fat  with  70  per  cent,  alcohol,  the  rosin  passes  into 
solution.  After  precipitating  it  with  water,  the  precipitate  is 
concentrated  by  heating,  and,  if  necessary,  by  the  addition  of 
some  hydrochloric  acid  ;  it  can  then  be  readily  recognized  as 
rosin  by  its  appearance,  odor,  etc.  Barfoed  heats  the  fat  with 
a  soda  solution  prepared  by  dissolving  1  part  of  crystallized 
soda  in  3  parts  of  water  and  adding  7  parts  of  30  per  cent, 
alcohol  (2  volumes  of  alcohol  of  93  per  cent,  and  5  volumes 
of  water).  The  rosin  passes  into  solution  and  is  separated  by 
acidulating  and  heating.  , 

As  the  commercial  fats  contain  more  or  less  free  fatty  acids, 
the  above  methods  are  not  available  for  the  quantitative  de- 
termination of  rosin.  For  this  purpose  the  fat  must  first  be 
saponified  and  the  quantity  of  rosin  determined  as  described 
later  on  for  the  determination  of  rosin  in  soaps. 

The  presence  of  free  fatty  acids  in  oils  can  be  readily  de- 
tected.    A  very  simple  method  is  given  by  Wiedeihold.t     By 
.pouring  the  oil  to  be  examined  over  cuprous  oxide  in  a  white 

*  Miltheilungen  ana  der  Eoenigl.  techn.  Venuchsanstalt,  Berlin,  1S85,  S.  160. 
•    tDingler'8  Polytechn.  Jour.  258,  S.  39. 
t  Dingier' 8  Poljtecbn.  Joam.,  217,  314. 
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glass,  the  layer  next  to  the  cuprous  oxide  assumes  a  green 
color  if  the  oil  contains  acid.  The  appearance  of  the  reaction 
is  promoted  by  moderate  heating.     To  test  the  neutrality  of 

the  oils  Allaire"*"  shakes  them  with  a  solution  of  sodium  biear- 

« 

bonate  in  water.  If  the  oil  separates  in  shining  globules  it  is 
neutral,  but  if  it  becomes  turbid  and  a  partial  saponification 
takes  place  it  contains  free  fatty  acids. 

For  the  quantitative  determination  of  fatty  acids,  Mayer 
dissolves  2  to  3  grammes  of  fat  in  20  cubic  centimetres  of 
ether,  compounds  the  solution  with  10  cubic  centimetres  of 
alcohol  and  some  solution  of  phenol phtalein,  and  adds,  ac- 
cording to  the  content  of  acid,  ^^^  or  |  standard  lye,  until  the 
liquid  assumes  a  red  coloration.  Aqueous  potash  lye  is  pre- 
ferable to  the  alcoholic,  on  account  of  the  constancy  of  its 
strength,  which  constantly  changes  in  the  alcoholic  solution, 
and  must,  therefore,  always  be  determined  anew  before  each 
series  of  experiments;  on  the  other  hand,  the  fat  readily 
separates  from  its  alcoholic  solution  by  the  addition  of  aqueous 
lye,  and  has  then  again  to  be  brought  into  solution  by  heating 
on  a  water-bath.  With  an  alcohol-ether  solution  two  layers 
are  formed,  and  the  reaction  must  be  carried  on  to  the  end, 
shaking  vigorously  after  each  fresh  addition  of  lye. 

The  quantity  of  calcium  hydrate  in  ^  per  cent,  of  the 
number  of  milligrammes  of  it  required  for  the  neutralization 
of  the  free  fatty  acids  contained  in  1  gramme  of  fat  is  termed 
the  (xdd  number.  Hence  it  forms  a  measure  for  the  content 
of  free  fatty  acids  in  fat. 

When  a  fat  or  oil  consists  exclusively  of  neutral  glycerides 
the  acid  number  is  of  course  equal  0.  In  this  case  the  sa- 
ponification number  indicates  the  quantity  of  calcium  hydrate 
which  is  required  for  the  saponification  of  the  neutral  esters, 
or  in  other  words,  the  quantity  of  calcium  hydrate  which  is 
required  for  the  neutralization  of  the  fixed  fatty  acids.  When 
the  fats  or  oils  contain  free  fatty  acids,  hence  possess  an  actual 

*  Octave  Allaire,  Notice  sur  les  huiles  neutres  nffin^es,  p.  11. 
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acid  number,  then  their  saponification  number  represents  the 
total  of  the  quantities  of  calcium  hydrate  which  are  required 
for  the  neutralization  of  the  free  fatty  acids,  as  well  as  of  those 
fixed  on  glycerin.  The  difference  between  these  two  quantities 
of  calcium  hydrate  is  called  the  ester  number.  Hence,  by  it  is 
understood  the  number  of  milligrammes  of  calcium  hydrate 
which  are  required  for  the  saponification  of  the  neutral  esters 
in  1  gramme  of  fat  or  oil. 

Since  the  introduction  of  the  so-called  carbonate  saponifica- 
tion the  determination  of  the  content  of  neutral  fat  in  fatty 
acid  has  become  of  great  importance  for  the  soap  manufac- 
turer. If  the  saponification  number  of  the  fat  from  which  the 
fatty  acid  has  been  obtained,  is  known,  which  is  possible  when 
the  latter  has  been  prepared  by  the  soap  manufacturer  himself, 
the  content  of  neutral  fat  is  readily  found  by  determining  the 
saponification  number  and  the  acid  number  of  the  fatty  acid. 
If  the  saponification  number  ot  the  fatty  acid  found  V  ^  202, 
the  acid  number  S  '=^  162,  then  the  difiFerence  V — S  =  202 — 
162  =  40  corresponds  to  the  neutral  fats  present  in  the  sample. 
If  the  saponification  number  of  the  saponified  fat  is  195,  the 
following  proportion  results  : 

195:100  =  40:X  =  20.05. 
Hence  the  fatty  acid  contains  20.05  per  cent,  of  neutral  fat 
and  100—20.05  =  79.95  per  cent,  fatty  acid. 

If  the  saponification  number  of  the  fat  used  is  not  known, 
which  is  always  the  case  with  bought  fat,  proceed  as  follows : 
Pour  hot  alcohol  over  a  few  grammes  of  the  sample,  add 
phenolphthalein,  and  carefully  neutralize  the  fatty  acids  by 
allowing  to  run  in  from  a  burette  dilute  lye  until  the  fluid 
acquires  a  permanent  red  coloration.  Allow  the  fluid  to  cool, 
and  then  dilute  with  an  equal  volume  of  water.  Next  bring 
the  fluid  into  a  separatory  funnel  and  shake  it  out  with  ben- 
zine or  ether.  When  allowed  to  rest,  two  layers  are  formed, 
the  lower  one  containing  the  aqueous  soap  solution  and  the 
upper  one  the  ethereal  fat  solution.  Draw  off  the  soap  solu- 
tion into  another  separatory  funnel  and  shake  it  out  with 
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fresh  ether.  Then  combine  the  two  ethereal  solutions,  wash 
the  fluid  with  a  small  quantity  of  water  to  free  it  from  traces 
of  dissolved  soap  and  transfer  it  to  a  tared  flask.  Evaporate 
the  ether  on  a  water  bath,  dry  the  residue,  at  212°  F.,  and 
weigh. 

Determination  of  glycerin. — The  quantity  of  glycerin  con- 
tained in  a  fat  is  now  generally  determined  by  calculation 
from  the  saponification  number  or  from  the  ester  number. 
In  the  saponification  of  a  fat  three  molecules  of  calcium  hy- 
drate are  equivalent  to  1  molecule  of  glycerin.  Hence  168 
grammes  of  calcium  hydrate  are  equal  to  92  grammes  of 
glycerin,  or  1  gramme  calcium  hydrate  to  0.5476  gramme. 
Hence  the  ester  number  (d)  consequently  the  difference  between 
saponification  number  and  acid  number  has  to  be  determined, 
and  we  have  then  g  ^  0.5476  d. 

Another  method  very  much  in  use  for  the  determination 
of  the  glycerin  consists  in  saponifying  the  fat  with  alcoholic 
potash  or  soda  lye,  expelling  the  alcohol  by  evaporation,  dis- 
solving the  soap  in  water,  adding  dilute  sulphuric  acid  and 
boiling  moderately  until  the  fatty  acids  have  become  entirely 
clear.  The  mass  is  then  allowed  to  cool,  and,  after  filtering 
the  liquid  containing  glycerin  from  the  congealed  fatty  acids, 
the  latter  are  once  more  boiled  in  water,  allowed  to  congeal, 
and  the  filtered  wash-water  is  united  with  the  first  filtrate. 
The  latter  is  exactly  neutralized  with  sodium  carbonate  and 
then  evaporated  to  dryness  on  a  water-bath.  The  residue,  con- 
sisting of  sodium  sulphate  and  glycerin,  is  treated  with  alco- 
hol, which  leaves  the  sodium  sulphate  undissolved.  The 
filtered  alcoholic  solution  is  evaporated,  the  residue  again 
treated  with  alcohol,  and  the  filtered  solution  evaporated  in  a 
platinum  dish  on  a  water-bath. 

On  account  of  the  volatility  of  glycerin  at  212®  F.,  the 
numbers  obtained  by  the  foregoing  process  are  always  too  low. 
The  most  reliable  process,  and  one  which  is  available  for  all 
cases,  is  the  determination  of  the  glycerin  by  oxidation  with 
potassium  permanganate. 
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When  glycerin  in  a  strongly  alkaline  solution  is  oxidized 
at  an  ordinary  temperature  with  potassium  permanganate,  1 
molecule  of  glycerin  yields  quantitatively  exactly  1  molecule 
each  of  oxalic  and  carbonic  acids — 

CsHsO,  +  30,  =  C,H,0,  +  CO,  +  3H,0. 

Upon  this  is  based  the  determination  of  glycerin  by  Bene- 
dikt  and  Zsigmondi,*  the  principle  having  been  first  estab- 
lished by  Fox. 

The  fat  is  saponified  with  calcium  hydrate  and  perfectly  pure 
methyl  alcohol,  the  residue  dissolved  in  hot  water,  and  the 
soap  decomposed  with  dilute  hydrochloric  acid.  It  is  then 
heated  until  the  fatty  acids  have  separated  clear.  With  fluid 
fats  it  is  advisable  to  add  some  hard  paraflBn  in  order  to  con- 
geal the  fatty  acids  floating  on  top  during  the  subsequent 
cooling,  which  is  effkited  by  placing  the  dish  in  cold  water. 
The  fluid  is  then  filtered  into  a  capacious  flask,  neutralized 
with  potash  lye,  and  10  grammes  of  caustic  potash  are  added. 
5  per  cent,  solution  of  potassium  peVmaganate  is  then  added 
at  an  ordinary  temperature  until  the  fluid  is  no  longer  green, 
but  assumes  a  blue  or  blackish  coloration.  It  is  then  heated 
to  the  boiling  point,  whereby  manganic  peroxide  is  separated 
and  the  fluid  becomes  red  ;  as  much  aqueous  sulphurous  acid 
is  then  added  as  is  required  for  complete  decoloration.  It  is 
then  filtered  through  a  smooth  filter  of  sufficient  size  to  receive 
at  least  one-half  of  the  entire  fluid,  and  thoroughly  washed 
with  boiling  water.  The  last  wash-waters  are  frequently  ren- 
dered turbid  by  some  manganic  peroxide ;  this  turbidity  dis- 
appears, however,  by  the  action  of  the  sulphurous  acid  libe- 
rated during  the  subsequent  acidulation  with  acetic  acid. 
The  fluid  is  then  heated  to  nearly  the  boiling  point  and 
precipitated  with  calcium  chloride  or  calcium  acetate. 
As,  besides  calcium  oxalate,  the  precipitate  contains  al- 
wB.ys  some  silicic  acid  and  frequently  gypsum,  it  cannot  be 
considered,  after  calcining,  as  pure  calcium  carbonate,  nor  as 

*Chemiker  ZeitiiDg,  9,  8.  975. 
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calcium  oxide.  The  determination  of  the  calcium  oxalate 
contained  therein  is  best  effected  by  titration,  either  with  po- 
tassium permanganate  in  acid  solution  or  by  alkalimetry  after 
calcining.  For  the  latter  purpose  the  calcined  precipitate  is 
dissolved  in  about  half-standard  solution  of  hydrochloric  acid, 
titrated  back  with  about  half-standard  soda  lye  with  an  addi- 
tion of  dimethyl-aniline  orange  as  an  indicator.  The  titer  of 
the  hydrechloric  acid  is  generally  fixed  for  sodium  carbonate ; 
106  parts  of  sodium  corbonate  correspond  to  92  parts  of 
glycerin. 

In  connection  with  the  above  process  it  may  be  mentioned 
that  methyl  alcohol  is  used  for  the  saponification  of  the  fats 
instead  of  ethyl  alcohol,  because  the  latter,  at  certain  concen- 
trations and.  with  a  determined  percentage  of  alkali  in  the 
solution,  is  converted  by  potassium  permanganate  into  oxalic 
acid.  This  creates  errors  which  are  the  greater  the  more 
alcohol  is  retained  by  the  soap  in  drying.  By  repeated  evap- 
oration and  renewing  of.  the  water  to  expel  the  last  traces  of 
alcohol,  a  portion  of  the  glycerin  would  also  be  lost. 

The  fluid  subjected  to  oxidation  contains  besides  glycerin 
all  the  soluble  fatty  acids;  by  oxidation  with  potassium  per- 
manganate, according  to  the  above  process,  they  yield,  how- 
ever, neither  oxalic  acid  nor  another  acid  which  can  be  preci- 
pitated by  lime  in  acetic  acid  solution,  so  that  their  presence 
does  not  infiuence  the  determination  of  the  glycerin. 

Whether  an  oil  obtained  by  extraction  is  free  from  carbon 
disulphide  can,  according  to  0.  Braun,  be  readily  recognized 
by  stirring  about  30  parts  by  weight  of  lye  of  40°  B.  under 
60  parts  by  weight  of  oil,  and  allowing  the  soap  formed  to 
stand  in  a  warm  place  for  one  hour.  If  the  oil  is  badly  puri- 
fied, the  soap  is  dark  green  and  of  a  bad  odor,  which,  how- 
ever, disappears  in  time  (weeks  or  months),  leaving  the  soap 
externally  faultless. 


CHAPTER  V. 

Fats,  Fat  Oils,  Fatty  Acids  and  Rosin  used  in  the 

Manufacture  of  Soap. 

The  fats  are  generally  divided,  according  to  their  deriva- 
tion, into  animal  and  vegetable  fats. 

I.    ANIMAL  fats. 

Tallow  is  the  generic  term  for  the  rendered  fat  of  cattle  and 
sheep.  Beef  tallow  includes  that  from  oxen,  cows  and  calves, 
and  mviion  tallow  that  from  sheep  and  goats.  The  terms 
tallow  and  suet  are  often  used  indiscriminately  to  denote  the 
adipose  tissue  of  the  ox  and  sheep.  However,  the  term  suet 
should  only  be  applied  to  the  untreated  animal  fatty  tissues, 
whilst  the  word  tallow  should  only  imply  the  fatty  matters 
thence  extracted  and  freed  from  cell  walls,  etc.  In  this  sense 
tallow  includes  the  rendered  fat  obtained  from  the  ox,  sheep, 
goat,  stag  and  other  quadrupeds,  including  the  horse  and  hog, 
the  fat  of  the  former  being  generally  known  as  horse-grease 
and  that  of  the  latter  as  lard.  The  crude  fat  is  enveloped  in 
very  thin  cellular  tissues,  and  more  or  less  contaminated  with 
particles  of  skin,  blood,  etc.  If  kept  for  several  days  these 
particles  become  decomposed  and  putrefy.  The  crude  fat 
should  therefore  be  kept  in  a  cold  place  or  at  once  separated 
from  the  tissues  by  the  process  known  as  rendering.  This  is 
effected  either  in  open  kettles  at  a  low  temperature  or  by 
steam  under  pressure  in  closed  tanks,  the  latter  process  being 
employed  for  all  kinds  of  stock  unsuitable  for  food  products. 
The  roasted  tissues  from  the  process  of  rendering  in  open  ket- 
tles are  known  as  greaves  or  scrap ^  and  are  used  for  feeding 
pigs  and  poultry;  the  tissues  from  the  steam  process,  which 

(77) 
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have  not  been  subjected  to  so  great  a  heat,  are  utilized  for 
making  ammonia  and  glue. 

Dilute  sulphuric  acid  is  sometimes  used  for  disintegrating 
the  membranes  enclosing  the  fat.  Bring  50  pounds  of  dilute 
sulphuric  acid  into  the  kettle,  then  add  gradually  1000 
pounds  of  the  comminuted  fat  divided  into  four  equal  por- 
tions, and  finally  150  pounds  of  water  previously  compounded 
with  5  pounds  of  sulphuric  acid  of  60°  B.  The  mass  is  then 
heated.  By  the  action  of  the  sulphuric  acid,  which  partly 
dissolves  and  partly  decomposes  the  membranes,  the  process 
of  rendering  even  large  quantities  of  tallow  is  finished  in  IJ 
to  2  J  hours.  D'Arcet  originally  proposed  the  addition  of  acid 
only  for  rendering  over  an  open  fire,  iTut  it  is  also  available 
for  steam  rendering,  which  is  now  employed  in  all  large 
establishments.  In  most  rendering  establishments,  not  work- 
ing with  a  closed  apparatus,  open  wooden  vats  lined  with  lead, 
and  direct  steam  are  employed.  For  100  pounds  of  tallow,  20 
pounds  of  water  and  1  pound  of  sulphuric  acid  of  6G°  B.  are 
used,  and  steam  of  a  pressure  of  1  to  2  atmospheres  is  intro- 
duced. Another  very  suitable  process  consists  in  pouring 
sulphuric  acid  of  4°  to  5°  B.  over  the  crude  tallow  as  deliv- 
ered by  the  butchers  and  loading  it  with  boards  and  stones  so 
that  the  sulphuric  acid  stands  over  the  fat.  After  four  or  five 
days  the  acid  is  drawn  off  through  a  faucet  in  the  bottom  of 
the  vat  The  tallow  is  then  rendered  by  the  introduction  of 
direct  steam,  the  process  being  quickly  accomplished,  since 
the  cells  have  been  partly  dissolved  by  the  acid.  The 
greaves,  which  still  contain  tallow,  are  again  acidulated  and 
rendered  out. 

Evrard  has  proposed  to  mix  and  warm  300  parts  of  com- 
minuted tallow  with  caustic  soda  lye  (made  of  1  part  of  soda 
ash  dissolved  in  200  parts  of  water).  The  odorous  substances 
combine  with  the  soda  and  remain  in  the  lye  dissolved,  while 
the  pure  fat  is  separated.  Though  the  Soci6t6  d'Encourage- 
ment  of  Paris  examined  this  process  and  declared  it  an  im- 
provement, rendering  with  sulphuric  acid  deserves  the  prefer- 
ence. 
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Before  the  introduction  of  palm  oil,  cocoanut  oil,  and  palm 
kernel  oil,  and  the  use  of  beef  fat  for  the  manufacture  of  oleo- 
margarine and  other  food  products,  tallow  was  the  most  import- 
ant raw  material  employed  in  the  soap  industry.  At  present 
only  inferior  grades  reach  the  soap  manufacturer,  the  selected 
tallow,  such  as  the  caul  fat  of  beef  being  used  for  what  is 
known  as  oleo-siearin  and  oleo-oil.  For  this  purpose  the  fat  is 
freed  from  adhering  particles  of  flesh  and  blood  by  soaking  in 
warm  water.  It  is  then  chilled  and  hardened  in  ice  water, 
after  which  it  is  introduced  into  a  hashing  machine  and,  when 
thoroughly  disintegrated,  melted  in  steam -jacketed  kettles  at 
about  150°  to  160°  F.,  being  constantly  agitated  by  a  suitable 
stirring  apparatus.  The  melted  fat  is  then  allowed  to  stand 
for  the  floating  particles  of  membrane  or  scrap  to  settle,  the 
process  being  promoted  by  the  addition  of  common  salt.  The 
fat  freed  from  scrap  is  drawn  into  vats  and  allovted  to  stand 
at  a  temperature  of  about  95°  F.  for  the  crj'stallization  of  the 
stearin,  a  layer  of  the  latter  forming  on  the  top  and  another 
on  the  bottom,  with  the  clear  oil  between  them.  The  mass 
thus  formed  is  then  thoroughly  mixed  by  stirring,  wrapped  in 
small  packages  of  canvas,  and  gradually  subjected  to  strong 
pressure.  The  fat  pressed  out  forms  what  is  known  as  oleo- 
oil,  and  is  used  in  the  manufacture  of  oleomargarine,  while 
the  stearin  remaining  as  a  solid  cake  in  the  press  cloth  is  em- 
ployed in  connection  with  cottonseed  oil  in  the  manufacture 
of  lard  compound. 

By  subjecting  tallow  to  pressure  at  a  low  temperature,  tal- 
low oil  is  obtained,  which  remains  liquid  at  the  ordinary 
temperature. 

Commercial  tallow  frequently  has  a  dirty  gray  color.  Such 
tallow,  to  be  worked  into  stearin  by  saponification,  needs  re- 
fining, as  otherwise  candles  manufactured  from  it  will  not 
show  the  white  appearance  so  highly  valued.  The  refining 
consists  in  remelting  the  tallow  with  water,  generally  with  an 
addition  of  common  salt,  alum,  or  sodji. 

A  very  simple  method  to  bleach  tallow  is  to  melt  it  and 
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then  stir  in  6  to  10  pounds  of  soda  tye  of  20°  to  24®  B.  for 
each  100  pounds  of  tallow,  and  allow  it  to  stand  and  settle. 
The  brown  sediment  can  be  used  for  rosined  grained  soaps. 

In  a  pure  state  the  tallows  are  nearly  inodorous ;  on  ex- 
posure to  the  air  for  some  time,  mutton  tallow,  however, 
acquires  a  peculiar  odor,  which,  according  to  Chevreul,  is  due 
to  the  evolution  of  a  volatile  fatty  acid  which  he  terms  hireic 
acidf  the  existence  of  which  is,  however,  doubtful. 

Tallow  consists  of  stearin,  palmitin,  and  olein.  Their  pro- 
portions vary  in  the  fat  from  the  different  parts  of  the  animal, 
the  pouch-fat  being  richest  in  olein,  and  that  of  the  intestines 
richest  in  stearin.  . 

There  is  no  great  diflFerence  in  the  saponification  numbers 
of  the  different  varieties  of  tallow,  w^hich  is  readily  explained 
by  the  fact  that  oleic  acid  and  stearic  acid  fix  nearly  the  same 
quantities  of  alkali,  1  gramme  of  oleic  acid  requiring  198.7 
milligrammes  of  caustic  alkali  for  saponification,  1  gramme  of 
palmitic  acid  218.9  milligrammes,  and  1  gramme  of  stearic 
acid  197.3  milligrammes. 

The  iodine  number  of  tallow  is  40,  according  to  Hvibl,  and 
that  of  the  fatty  acids  separated  from  tallow  25.9  to  32.8, 
according  to  Demski  and  Morawski. 

In  commerce,  tallow,  independent  of  its  color,  is  now  gener- 
ally valued  by  the  so-called  tallow  iitrey  i,  c,  according  to  the 
congealing  point  of  -its  fatty  acids.  For  its  determination, 
Finkener  recommends  the  apparatus  shown  in  Fig.  4,  which 
is  also  used  by  the  German  custom  ofiicers.  It  consists  of  a 
four-cornered  beechwood  box  with  sides  0.35  inch  thick,  and 
having  a  width  of  27.55  inches  in  the  clear  and  a  depth  of 
56.98  inches.  It  contains  a  glass  fiask  having  a  bulb  1.92  to 
2  inches  in  diameter.  A  thermometer  is  ground  into  the 
neck  of  the  fiask.  The  fiask  stands  in  a  shallow  cavity  of  a 
piece  of  cork  0.86  inch  thick  secured  to  the  bottom  of  the  box. 
When  the  thermometer  is  fixed  in  the  neck  of  the  fiask  the 
center  of  its  bulb  coincides  with  that  of  the  fiask.  In  the 
ground  part  of  the  thermometer,  parallel  to  the  axis,  is  a 
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groove,  so  that  the  air  in  the  Sask  always  stands  under  the 
pressure  of  the  atmosphere.  The  lower  end  of  the  neck  of  the 
flask  is  somewhat  enlarged  (0.98  inch),  so  that  when  the  flask 
has  heen  fllled  with  liquid  fat  to  the  mark  on  the  neck,  the 
bulh  of  the  flask  remains  filled  when  the  fat 
congeals.     The  bulb  of  the  thermometer  is  "'  *■ 

0.35  inch  in  diameter,  the  thinner  portion 
of  it  0.19  inch,  and  the  ground  part  0.47 
inch.     The  thermometer  is  graduated  up  to 
75"  C.  (167°  F.),  and  can  be  read  in  i  of 
degrees.     The  tube  of  the  thermometer  has 
a  somewhat  larger  reservoir,  so  that  the 
thermometer  can  be  heated  up  to  100°  C. 
(212°  F.)  without  bursting.     The  determi- 
nation of  the  congealing  point  is  efl^ected  as 
follows:  An  average  sample  of  the  fat  is 
saponified  with  alcoholic  potash  13-e  in  the 
manner  previously  described.     Of  the  sepa- 
rated,  washed,  and    dried   fatty  acids   150 
grammes  are  melted  in  an  uncovered  por- 
celain dish  on  a  boiling  water-bath,  and  then 
allowed  to  stand  at  least  ten  minutes  until  the  fat  forms  a 
clear  fluid.     The  flask  is  then  filled  with  fat  up  to  the  mark 
on  the  neck.     It  is  then  immediately  placed  in  the  box  and 
the  lid  of  the  latter  closed  to  prevent  rapid  cooling.     When 
the  thermometer  has  fallen  to  about  50°  C.  the  temperature 
is  every  two  minutes  read  off  and   noted.     After  some  time 
the  thermometer  falls  more  slowly,  remains  stationary  for  a 
few  minutes,  rises  again,  and  finally  commences  again  to  fall. 
The  highest  reading  indicates  the  congealing  point.     When 
the  determination  has  been  finished  the  flask  is  placed  in 
warm  water,  the  melted  fat  poured  out,  and  the  cold  flask 
cleaned  with  ether. 

Tallow,  as  found  in  commerce,  is  frequently  contaminated 
with  water,  dirt,  particles  of  skin,  etc.  Such  contaminations 
are  readily  detected  by  the  method  given  on  page  55.     It  is 
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further  adulterated  with  cheaper  fats,  such  as  bone  fat,  kitchen 
fat,  residue  from  the  manufacture  of  margarin,  etc.  Such 
adulterations  cannot  always  be  detected  with  certainty.  The 
best  guide  is  the  determination  of  the  melting  point,  or,  still 
better,  that  of  the  fatty  acids  separated  from  the  tallow,  which, 
according  to  Dalican,  should  never  be  below  111**  F. 

Tallow  adulterated  with  distilled  wool  fat  has  also  mad§  its 
appearance  in  commerce.  This  adulteration  can,  however, 
be  readily  detected  by  the  considerable  percentage  of  choles- 
terin  in  the  wool  fat.  Saponify  the  suspected  tallow  with 
caustic  potash  and  shake  the  resulting  soap  with  ether.  The 
latter  absorbs  the  cholesterin  and  leaves  it  behind  on  evapora- 
tion. By  adding  hydrochloric  acid  and  chloride  of  iron  to  the 
residue  a  violet  coloration  is  produced. 

Adulteration  with  cotton-seed  stearin  is  detected  by  melting 
the  fat,  crystallizing  it  in  a  drying  box  at  95°  F.,  after  eighteen 
hours  pressing  it  through  a  cloth,  and  determining  from  the 
filtrate  the  iodine  number,  which,  with  filtrate  from  tallow 
containing  cotton-seed  oil,  is  from  75  to  80,  and  with  that 
from  pure  tallow  about  55. 

Tallow,  when  used  by  itself,  only  saponifies  with  weak  lyes, 
requiring,  according  to  its  age,  in  the  commencement  of  the 
operation  a  lye  of  8°  to  10°  B.  With  this  it  readily  forms  an 
emulsion,  which  on  reaching  the  boiling  point  is  converted 
into  a  chemical  combination.  By  continued  boiling  with  this 
lye  a  viscid,  thick  soap-paste  is  obtained,  such  as  is  not  the 
case  with  any  other  fat.  However,  boiling,  as  a  rule,  is  not 
continued  with  such  weak  lye,  lye  of  12°  to  15°  B.  being  used 
until  the  combination  forms  a  clear  viscid  paste,  the  exact 
fitting  of  which  is  recognized  by  a  gray  edge  which  should 
rapidly  form  upon  the  spatula. 

After  the  introduction  of  the  combination  with  lye,  most 
fats  take  up  the  further  lye  required  very  rapidly  and  well ; 
with  tallow  this  process,  however,  takes  place  very  gradually, 
and  it  is,  therefore,  necessary  to  add  the  lye  in  portions.  By 
adding  the  portions  of  lye  in  rapid  succession,  it  may  happen 
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that  the  soap-paste,  notwithstanding  it  shows  sharpness,  is 
turbid  and  not  saturated.  This  defect  is  best  remedied  by  the 
addition  of  some  weak  lye  with  a  moderate  fire ;  the  paste 
gradually  clarifies  until  all  sharpness  disappears,  and  only 
when  this  is  the  case  will  it  be  possible  to  determine  how 
much  lye  is  required  for  complete  saponification.  It  may 
further  occur  that  by  adding  too  concentrated  lye  (of  about 
20°  B.  or  more)  the  combination  formed  may  be  entirely 
destroyed  so  that  lye  runs  off.  This  fault  is  remedied  with 
weak  lye  or  water  and  boiling  slowly.  In  very  diflBcult  cases 
it  is  best  to  interrupt  boiling  and  squirt  water  over  the  soap- 
paste. 

Saponification  is  more  readily  and  better  effected  by  direct 
steam  than  by  an  open  fire,  since  a  large  quantity  of  tallow 
can  in  a  short  time  be  converted  into  a  clear  paste  free  from 
scum,  which,  when  properly  "  salted  out,"  also  yields  a  fin- 
ished grain  free  from  scum,  so  that  for  most  purposes  clear 
boiling  is  not  required. 

100  pounds  of  tallow  saponified  with  sqda  lye  yield  at  the 
utmost  165  lbs.  of  soap,  but  with  so  large  a  yield  the  pro- 
duct possesses  but  little  solidity  and  contains  water. 

Lard  is  the  collective  term  applied  to  the  fat  of  the  hog,  and 
according  to  the  mode  of  rendering  is  classified  as  kettle  and 
steam.  The  fat  varies  according  to  the  part  of  the  body  from 
which  it  is  taken,  and  from  the  material  used  the  following 
classification  may  be  made. 

1.  Neutral  lard  is  composed  of  the  leaf  of  the  slaughtered 
animal  in  a  perfectly  fresh  state.  The  leaf  is  either  chilled  in 
a  cold  atmosphere  or  treated  with  cold  water  to  remove  the 
heat.  It  is  then  reduced  to  a  pulp  in  a  grinder  and  passed  at 
once  to  the  rendering  kettle.  The  fat  is  rendered  at  a  tem- 
perature of  106°  to  120°  F.  Only  a  part  of  the  lard  is  sep- 
arated at  this  temperature  and  the  rest  is  sent  to  other  render- 
ing tanks  to  be  made  into  another  kind  of  product.  The  lard 
obtained  as  above  is  washed  in  a  melted  state  with  water  con- 
taining a  trace  of  sodium  carbonate,  sodium  chloiide  or  a 
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dilute  acid.     The  lard  thus  formed  is  nearly  neutral  and  is 
almost  exclusively  used  in  the  manufacture  of  butterine. 

2.  Leaf  lard.  The  residue  unrendered  in  the  above  process 
is  subjected  to  steam  heat  under  pressure,  and  the  fat  thus 
obtained  is  leaf  lard. 

3.  Choice  lard.  The  remaining  portions  of  the  leaf,  together 
with  the  fat  cut  from  the  backs,  are  rendered  in  steam-jackefted 
open  kettles  under  pressure,  and  produce  a  variety  of  lard 
known  as  "kettle-rendered."  The  hide  is  removed  from  the 
back  fat  before  rendering,  and  both  leaf  and  back  fat  are 
passed  through  a  pulping  machine  before  they  enter  the 
kettle. 

4.  Prime  steam  lard.  The  whole  head  of  the  hog,  after 
removal  of  the  jowl,  is  used  for  rendering.  The  heads  are 
placed  in  the  bottom  of  the  rendering  tank.  Any  fat  that 
may  be  attached  to  the  heart  of  the  animal  is  also  used.  The 
fat  is  pulled  off  the  small  intestines  and  also  placed  in  the 
tank.  In  houses  where  kettle-rendered  lard  is  not  made,  the 
back  fat  and  trimmings  are  also  used.  When  there  is  no 
demand  for  leaf  lard,  the  leaf  is  also  put  in  the  rendering 
tank  with  the  other  portions  of  the  body  mentioned.  It  is 
thus  seen  that  prime  steam  lard  may  be  taken  to  represent 
the  fat  of  the  whole  animal  or  only  portions  thereof. 

Lard  is  rendered  in  a  similar  manner  as  tallow.  It  is  of  a 
granular  salve-like  consistency,  has  a  pure  white  color  and  an 
agreeable  taste.  On  exposure  to  air  it  soon  turns  yellow  and 
rancid.  It  consists  of  the  glycerides  of  lauric,  myristic,  pal- 
mitic and  oleic  acids,  as  well  as  small  quantities  of  linoleic 
acid  and,  perhaps  also,  of  linolenic  acid.  The  statements 
regarding  the  melting  point  of  lard  range  from  79°  to  106°  F. 
Independent  of  the  different  methods  employed  in  the  deter- 
minations, these  variations  may  be  largely  due  to  the  varying 
solidity  of  the  fat  from  the  different  parts  of  the  body  of  the 
animal.  The  melted  lard  congeals  very  slowly,  and  only 
after  considerable  time  reacquires  its  original  solidity.  The 
saponification  number  of  lard  is,  according  to  Valenta,  195.3 
to  196.6,  and  its  iodine  number,  according  to  Hiibl,  57.6  to  60. 
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Tbe  prodacts  known  as  lard  oil  and  lard  stearin  are  obtained 
from  lard  in  the  same  manner  as  oleo-oil  and  oleo-stearin  from 
tallow.  Lard  oil  is  used  as  a  lubricant,  for  illuminating  pur- 
poses, and  in  the  wool  industry.  Lard  stearin  is  employed  in 
the  manufacture  of  lard  compound,  and  inferior  qualities  of 
it  as  soap  stock. 

Lard  is  frequently  adulterated,  the  principal  sophistication 
being  with  water ;  alum  or  lime  is  sometimes  added  to  enable 
it  to  absorb  large  quantities  of  water.  An  addition  of  1  per 
cent,  of  slaked  lime  or  of  2  to  3  per  cent,  of  alum  will  cover 
10  to  12  per  cent,  of  water.  By  melting  and  recongealing  the 
lard,  the  foreign  substances  form  a  deposit  on  the  bottom  and 
can  be  readily  determined. 

The  behavior  of  lard  towards  lye  is  similar  to  that  of  tallow; 
the  older  and  more  rancid  it  is  the  quicker  saponification  is 
accomplished,  while  the  fresh  neutral  fat  requires  in  the  com- 
mencement a  weak  lye.  Lard  is  much  liked  for  the  prepara- 
tion of  smooth,  white  grained  soaps.  Though  lard  by  itself 
gives  a  very  white  soap,  even  if  by  bad  treatment  it  has  ac- 
quired a  yellowish  or  dirty  gray  color,  it  is,  on  account  of  the 
lardaceous  and  somewhat  soft  consistency  of  the  soap,  better 
adapted  for  working  in  connection  with  palm-kernel  oil  and 
cocoanut«^oil,  which  give  lean  and  brittle  soaps,  an  addition  of 
one-third  or  two-fifths  of  lard  being  suflBcient  in  order  to  ob- 
tain a  beautiful,  solid,  and  delicate  soap.  Good  lard  is  at 
present  used  only  for  toilet  soaps. 

The  lard  from  animals  that  have  died  by  sickness  has  gene- 
rally a  dark  color  and  bad  odor.  In  connection  with  palm- 
kernel  oil  it  yields  good  results ;  the  best  proportions  are  2 
parts  of  lard  to  3  of  palm-kernel  oil  or  3  parts  of  lard  to  5  of 
oil.  A  larger  quantity  of  lard  might  yield  a  soft  or  mottled 
product. 

The  yield  of  pure  ground  or  fitted  grained  soap  will  gene- 
rally reach  about  155  per  cent.,  though  the  softer  a  fat  the 
lower  the  yield  of  pure  grained  soap. 

Horse  grease.     Generally  speaking,  the  horse  is  poor  in  fat. 
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The  careless  manner  in  which  the  grease  is  prepared  from  the 
carcass  renders  it  rather  repulsive,  yet,  when  extracted  from  the 
recently  slaughtered  animal,  it  constitutes  a  very  suitable  and 
good  material  for  the  mcmufacture  of  soap.  Horse  fat  varies 
in  consistency  according  to  the  organs  from  which  it  is  taken 
and  the  care  given  to  its  production.  It  is  either  solid,  form- 
ing a  real  tallow,  or  is  more  or  less  of  the  consistency  of  lard. 
The  fat  found  in  commerce  has  generally  a  more  or  less  dark 
color,  a  bad  odor,  and  the  consistency  of  lard.  As  a  rule  it  is 
not  puj^  horse  fat,  but  contains  lard,  bone  fat,  etc.  By  treat- 
ing with  strong  lye  in  a  similar  manner  as  described  for  lard, 
it  can  be  bleached,  and  forms  then  a  very  good  material  for 
white  soaps,  while  the  dark  foots  can  be  utilized  for  dark 
soaps.  Most  of  the  fat  being  quite  rancid,  combination  is 
effected  with  a  medium  lye,  complete  saponification  taking 
place  with  ease  and  rapidity.  The  application  of  this  fat  for 
household  soaps  is  about  the  same  as  that  of  lard.  Its  peculiar 
sweetish  odor  makes  it  a  suitable  addition  to  palm-kernel  oil 
to  weaken  the  strong  odor  of  the  soap  prepared  from  the  latter. 

Bone  fat. — The  bones  of  all  animals  contain  fat.  Its  con- 
stitution appears  to  be  about  the  same  as  that  of  other  animal 
fats,  it  being  only  somewhat  richer  in  the  glyceride  of  oleic 
acid  and  is,  therefore,  softer  and  melts  with  greater  ease.  The 
fat,  or  at  least  a  considerable  portion  of  it,  can  be  obtained  by 
bringing  the  crushed  bones  into  a  kettle  partly  filled  with 
water  and  heating  to  the  boiling  point.  The  fat  floats  on  the 
surface  and  is  skimmed  off  with  a  shallow  iron  ladle.  It  is  sep- 
arated from  the  solid  particles  by  passing  through  a  strainer. 
When  no  more*  fat  separates  the  bones  are  taken  from  the 
kettle  by  means  of  a  large  perforated  shovel  and  replaced  by 
fresh  ones  so  that  the  same  water  may  be  used  several  times. 

Most  bone-fat  is  now  obtained  as  a  by-product  in  the  manu- 
facture of  animal  charcoal  or  bone-meal.  The  fat  is  extracted 
either  by  steaming  the  bones  or  treating  them  in  a  special 
apparatus  with  benzine.  Steaming  is  effected  in  closed  iron 
cylinders  for  a  few  hours  at  a  pressure  of  2  to  4  atmospheres. 
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The  liquor  thus  obtained,  which  contains  glue,  fat'' and  im- 
purities, is  drawn  off  and  allowed  to  stand,  whereby  the  fat 
separates  on  the  surface.  When  cold  the  fat  is  skimmed  off 
and  remelted  in  water  with  the  addition  of  common  salt. 

By  extraction  with  benzine  the  bones  are  more  completely 
exhausted  than  by  steaming,  but  a  strong  odor  of  benzine, 
which  can  only  be  removed  with  diflSculty,  adheres  to  the  fat. 
The  latter  is  purified  by  reroelting  upon  salt  water  and  intro- 
ducing steam  for  some  time. 

The  fat  obtained  by  boiling  fresh  bones  has  a  white  to 
yellowish  color,  a  slight  odor  and  taste,  and  is  of  a  smeary 
consistency.  It  consists  of  stearin,  palmitin  and  olein.  When 
thoroughly  purified  it  keeps  well  and  makes  a  good  lubricant. 
The  bone-fat  obtained  as  a  by-product  in  the  manufacture  of 
bone-meal  is  largely  obtained  from  old,  partly  putrefied  bones, 
and  is  of  a  dark  color  and  unpleasant  odor.  It  always  con- 
tains a  considerable  quantity  of  free  fatty  acids,  and  frequently 
calcium  lactate  and  calcium  oleate,  the  latter  permitting  the 
incorporation  of  considerable  water. 

The  melting-point  of  commercial  bone-fat  ranges  from  68*^ 
to  83°  F.  The  fatty  acids  of  the  fat  from  fresh  bones  melt, 
according  to  Hiibl,  at  86°  F.  and  congeal  at  82.5°  F.  Valenta 
determined  the  saponification  number  at  190.9,  and  Demski 
and  Morawski  the  iodine  number  of  the  separated  fatty  acids 
at  55.7  to  57.3.  In  examining  bone-fat,  attention  must  be 
especially  directed  towards  dirt  and  water. 

The  ordinary  bone-fat  of  commerce  can  only  be  bleached 
with  difficulty,  and  frequently  not  at  all,  the  methods  with 
potassium  dichromate  and  sulphuric  or  hydrochloric  acid 
recommended  for  the  purpose  accomplishing  the  object  in  but 
few  cases.  The  higher  the  percentage  of  free  fatty  acids,  the 
more  difficulty  there  will  be  in  bleaching.  According  to 
Lewkowitsch  products  containing  more  than  50  per  cent,  of 
free  fatty  acids  cannot  be  bleached.  Fat  obtained  by  extrac- 
tion cannot  be  successfully  bleached  since,  even  when  an 
apparently  good  result  has  been  obtained,  the  dark  color,  as 
well  as  the  disagreeable  odor,  soon  reappears  after  bleaching. 
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As  commercial  bone-fats  contain  a  large  quantity  of  free 
fatty  acids,  they  combine  readily  witK  strong  lyes  containing 
a  considerable  percentage  of  alkaline  carbonates.  In  other 
respects  their  constitution  varies,  however,  very  much.  There 
are,  for  instance,  bone  fats  which  in  color  and  consistency 
resemble  a  poor  quality  of  tallow  and  furnish  a  very  good 
material  for  the  manufacture  of  soap,  while  others  resemble  a 
poor  grade  of  distilled  oleic  acid,  and  are  incapable  of  forming 
cohering  grain-flakes  when  boiled  by  themselves.  Even  with 
the  better  qualities  of  bone-fat,  the  si)ent  lye  is  generally  more 
or  less  turbid,  and,  on  cooling,  forms  a  gluey  skin  in  conse* 
quence  of  the  impurities  contained  in  the  fat.  The  yield 
varies  very  much.  Good,  solid  bone-fat  may  yield  as  much 
as  150  to  155  per  cent,  of  good  ground  grained  soap,  which  is 
quite  solid  and  lardaceous,  though  not  so  white  as  tallow 
grained  soap. 

Bone-fat  by  itself  is  but  little  employed  in  the  manufacture 
of  soap,  but  much  in  connection  with  other  fats.  It  is  chiefly 
used  ior  rosined  grained  soaps,  it  being  less  adapted  for 
smooth  white  grained  soaps,  as  even  the  best  bone-fat  does  not 
give  the  pure  white  product  so  desirable  for  this  variety.  It 
can  also  be  used  in  connection  with  other  fats  for  soft  soaps, 
the  lighter  varieties  being  well  adapted  for. figged  soaps,  how- 
ever, only  when  the  appearance  of  the  product  is  of  secondary 
importance,  as  is  the  case  with  soaps  for  the  textile  industry. 
For  oil  soaps  only  a  small  quantity  can  be  worked  in  summer 
in  connection  with  linseed-oil. 

WoolfaL — The  wool  of  sheep  contains  a  considerable  quan- 
tity of  fatty  substance  which,  however,  can  only  be  saponified 
with  difficulty.  Its  chemical  composition  is  not  yet  exactly 
known,  but  it  is  certain  that  it  consists  of  a  mixture  of  esters 
and  free  alcohols,  among  the  latter  occurring  considerable 
quantities  of  cholesterin  and  isocholesterin.  Moreover,  the 
so-called  wool-sweat  (suint)  contains  considerable  quantities  of 
potash  soap. 

For  the  manufacture  of  soap,  woolfat  is  of  but  little  value; 
it  is  chiefly  used  in  the  preparation  of  rosined  soaps. 
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Wool  fat  possesses  the  property  of  forming  with  water  emul- 
sions which  are  readily  absorbed  by  the  skin,  and  various 
methods  for  its  purification  are  known.  In  an  anhydrous 
state  the  purified  wool-fat  is  known  as  adeps  lansSy  while  the 
term  lanolin  has  been  applied  to  the  product  containing  water; 
it  serves  as  a  vehicle  for  salves  and  pomades. 

Tram  and  fish  oils  are  derived  from  various  marine  animals 
and  are  generally  designated  by  the  names  of  their  sources,  as 
whale,  seal,  cod-liver  oil,  etc.  They  are  fluid  at  the  ordinary 
temperature,  and  have  a  peculiar  disagreeable  odor  and  taste, 
due  to  the  admixture  of  volatile  fatty  acids.  The  fatty  acids 
occurring  in  the  form  of  triglycerides  in  the  train  oils  are  but 
little  known.  In  these  oils,  the  oleic  acid  occurring  in  other 
oils,  is  partly  replaced  by  physetoleic  acid.  The  oils  derived 
from  several  marine  animals  contain  combinations  which  are 
not  glycerides  but  ethers  of  the  higher  fatty  alcohols. 

All  train-oils  are  sparingly  soluble  in  cold  alcohol,  some- 
what more  freely  in  hot.  alcohol,  and  very  readily  in  ether. 
Most  of  them  are  blackened  by  gaseous  chlorine. 

Train-oils  are  chiefly  adulterated  by  compounding  a  good 
quality  with  a  poorer  one.  Such  sophistication  can  scarcely 
be  detected,  as  it  is  difficult  to  distinguish  the  separate  oils, 
their  specific  gravities  varying  but  little,  being  between  0.915 
and  0.930.  Neither  do  the  melting-points  of  the  separated 
fatty  acids,  the  saponification  numbers  and  iodine  numbers 
furnish  a  sufficient  guide  for  the  examination  of  train-oils. 

An  admixture  of  foreign  fats  is  recognized  by  mixing  1 
part  of  train-oil  with  2  parts  of  concentrated  sulphuric  acid  in 
a  tall  beaker.  If  the  train-oil  is  free  from  foreign  fat  a  clear 
mixture  is  obtained. 

By  cooling  train-oils  below  32°  F.  a  solid  fat  is  separated, 
which  is  known  as  fish-tallow.  There  is  considerable  diflerence 
in  the  commercial  varieties  of  this  product.  Some  of  them 
have  quite  a  pale  color,  a  not  disagreeable  odor,  and  are  of 
the  consistency  of  tallow,  while  others  show  a  very  dark  color, 
are  smeary,  and  possess  the  true  odor  of  train-oil.     Fish-tallow 
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may  be  used  for  grained  and  household  soaps.  It  saponifies 
readily  with  a  12-degree  lye.  If  the  clear  paste  free  from 
scum  is  further  treated  with  stronger  lye  it  shows  considerable 
firmness,  but  becomes  tolerably  light  only  upon  the  second  or 
third  water.  The  yield  from  a  good  quality  of  fish-tallow  is 
up  to  130  per  cent.,  but  much  smaller  from  inferior  qualities 
on  account  of  their  content  of  dirt  and  water.  Even  the  best 
quality  of  fish-tallow  without  disagreeable  odor  shows  in  boil- 
ing the  odor  of  train-oil,  which  can  be  noticed  in  the  finished 
soap.  It  is  therefore  advisable  to  use  the  fat  for  soaps  in  the 
manufacture  of  which  rosin  is  employed. 

Train-oils  formerly  constituted  the  chief  material,  especially 
in  Europe,  for  the  manufacture  of  soft  soaps,  but  their  use  for 
this  purpose  has  been  almost  entirely  abandoned,  as  the  present 
demand  is  for  soft  soaps  of  as  light  a  color  and  as  slight  an 
odor  as  possible. 

II.    FATS  AND  OILS  OF  VBOBTABLS  ORIGIN. 

The  vegetable  fats  and  oils  applied  to  the  manufacture  of 
soap  are  very  numerous  and  valuable,  and  are  found  in  the 
fruits,  seeds,  etc.,  of  plants.  The  most  important  solid  fats 
are  cocoanut  oil,  palm  oil  and  palm-kernel  oil.  There  are 
various  other  solid  fats  found  in  tropical  countries,  such  as 
shea  butter,  illipe  oil  or  bassia  oil,  piney  tallow,  Chinese 
tallow,  cocoa  butter,  dika  oil,  butter  of  nutmeg,  etc.,  which  are 
very  suitable  for  the  manufacture  of  soap,  but  are  little  used 
on  account  of  their  high  price,  and  will  therefore  be  only 
briefly  mentioned.  Of  the  fluid  vegetable  fats  are  used  :  Olive 
oil,  sesame  oil,  peanut  oil,  castor  oil,  cotton-seed  oil,  linseed 
oil,  hemp  oil,  niger  oil,  cameline  or  German  sesame  oil,  and 
small  quantities  of  colza  oil  and  poppy-seed  oil. 

Cocoanut'OiL — This  valuable  oil  is  obtained  by  boiling  or 
pressing  the  ground  or  crushed  kernels  of  the  nuts  of  Cocob 
nudfera^  the  cocoanut  palm,  which  is  found  in  nearly  all 
tropical  countries.  Most  of  the  oil  is  imported  from  Ceylon 
and  Cochin  China,  though  recently  the  dried  kernels,  called 
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'^  coprah,"  are  exported  to  Europe,  where  the  oil  is  extracted 
either  by  expression  or  extraction.  Coprah  contains  60  to  70 
per  cent,  of  fat.  Two  varieties  are  known  in  commerce,  sun- 
dried  and  kiln-dried  coprah. 

Fresh  cocoanut-oil  has  a  beautiful  white  color,  a  mild  taste, 
and  a  peculiar,  though  not  disagreeable,  odor.  It  becomes 
soon  rancid  and  acquires  a  somewhat  disagreeable,  acrid  taste 
and  odor.  Entirely  fresh  oil  melts  at  68*^  F.;  the  commercial 
oil  from  Ceylon  and  Cochin  China  shows  a  melting-point  of 
about  75°  F.,  and  the  Brazilian  cocoanut-oil  (from  Elats 
butyracea)  melts  at  about  80.5°  F.  By  subjecting  the  coprah 
to  a  moderate  cold  pressure  an  oil  is  obtained  which  melts 
below  68°  F.  and  congeals  at  53.5°  to  55.5°  F.,  becoming 
heated  thereby  to  59°  F. 

Cocoanut-oil  contains  chiefly  the  glycerides  of  laurostearic, 
myristic,  palmitic,  and  caprylic  acids,  and  small  quantities  of 
capronic  and  capric  acids.  St.  Evre  and  Bromeis  claimed  to 
have  found  special  fatty  acids,  which  they  termed  cocinic 
acid ;  but  Heintz  has  shown  that  St.  Evre's  cocinic  acid  is  a 
mixture  of  laurostearic  acid  with  capric  acid,  and  Bromeis's 
cocinic  acid  a  mixture  of  laurostearic  acid  with  myristic  acid. 

Cocoanut-oil  has  the  highest  saponification  number  of  all 
the  fats  hitherto  examined,  by  which  it  can  be  readily  dis- 
tinguished from  all  other  fats,  with  the  exception  of  palm- 
kernel  oil,  which  comes  next  in  this  respect.  Valenta  ex- 
amined several  cocoanut-oils  and  found  their  sa{)onification 
numbers  to  be  from  257.3  to  268.4.  The  iodine  number  of 
cocoanut-oil  is,  according  to  Hiibl,  8.9,  and  that  of  the  sep- 
arated fatty  acids,  according  to  Demski  and  Morawski,  8.39  to 
8.79.  The  separated  fatty  acids  melt  at  76°  to  77°  F.,  and 
congeal  at  66°  to  69°  F. 

On  account  of  its  large  percentage  of  laurostearin,  the  action 
of  cocoanut-oil  in  the  process  of  saponification  is  quite  differ-^ 
ent  from  that  of  tallow  and  most  other  fats.  It  requires 
strong  caustic  lyes  and  forms  soaps  which  can  only  be  sep- 
arated by  concentrated  brine,  and  then  become  so  extraordin- 
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arily  bard  that  they  cannot  be  cut.  For  this  reason  a  clear 
boiling  to  the  solid  would  in  case  of  cocoanut-oil  soap  be 
entirely  contrary  to  the  end  in  view  and  very  difficult.  While, 
furthermore,  tallow,  for  instance,  treated  with  very  strong  lye, 
floats  on  top  and  then  can  scarcely  or  not  at  all  be  saponified, 
in  the  case  of  cocoanut-oil  just  the  contrary  happens.  It  does 
not  form  that  milk-like  mixture  (emulsion)  with  weak  lyes  by 
which  the  process  of  saponification  is  usually  preceded,  but 
floats  as  a  clear  fat  above ;  only  w*hen,  by  continued  boiling 
and  evaporation,  the  lye  has  reached  a  certain  strength,  the 
saponification  suddenly  ensues.  For  saponifying  cocoanut-oil 
lyes  of  such  strength  are  used  that  the  soap,  with  the  lye, 
receives  the  intended  contents  of  water,  and  a  separation  be- 
comes, therefore,  unnecessary.  Of  course,  the  amount  of  the 
alkali  must  be  so  accurately  calculated  that  the  soap  receives 
no  excess  of  alkali,  or  at  least  but  very  little. 

Cocoanut-oil  can  also  be  saponified  in  the  so-called  cold  way, 
i.  e.,  can  be  converted  into  soap  by  stirring  in  strong  caustic 
lyes  at  a  temperature  little  above  the  melting-point  of  the  oil. 
Soaps  from  cocoanut-oil  have  the  property  of  absorbing  a 
great  deal  of  water  without  sufiering  in  firmness  and  appear- 
ance. They  dissolve  freely  in  water,  yielding  a  heavy  lather, 
which  is,  however,  not  so  durable  as  that  from  tallow  soap. 
Soaps  from  pure  cocoanut-oil  have  the  disagreeable  property, 
even  if  they  do  not  contain  an  excess  of  alkali,  of  producing  a 
burning  sensation  and  redness  upon  a  sensitive  skin,  and 
being  strongly  inclined  towards  rancidity,  whereby  they 
acquire  a  bad  odor  and  unsightly  appearance. 

Three  principal  kinds  of  cocoanut  oil  are  at  present  known 
in  commerce — Cochin  China  oil,  Ceylon  oil  and  coprah  oil — 
the  first  being  much  the  best  and  purest  in  color.  It  is  best 
adapted  for  cold  saponification,  but  is  only  good  when  not  too 
old.  When  old  oil  of  a  certain  degree  of  rancidity  is  stirred 
together  with  strong  lye,  the  mass  becomes  thick  too  quickly 
and  the  soap  shows  formation  of  granulation.  Commercial 
Ceylon  oil  is  generally  quite  rancid,  and  therefore  not  well 
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adapted  for  cold  saponification,  and  besides,  the  soaps  prepared 
from  it  are  not  pure  white,  but  of  a  grayish  shade.  Coprah 
oil  is  not  very  rancid,  and  therefore  suitable  for  cold  saponifi- 
cation; it  does  not  yield,  however,  pure  white  soaps,  and  hence 
is  not  suitable  for  toilet  soaps.  This  defect  can,  however,  be 
remedied  by  the  following  method  of  refining:  Boil  750 
pounds  of  coprah  oil  with  15  pounds  of  soda  lye  of  6®  B.  and 
10  pounds  of  water  for  half  an  hour,  constantly  removing  the 
scum.  Then  add  1|  pounds  of  common  salt,  remove  the 
scum,  and  let  the  whole  boil  half  an  hour  longer.  Repeat 
the  boiling  with  1|  pounds  more  of  common  salt  and  let  the 
oil  stand  over  night  for  the  salt  water  to  settle. 

Palm  oil. — Vast  quantities  of  this  oil  are  consumed  in  the 
manufacture  of  soap,  especially  in  England,  where  it  was  first 
used.  It  is  obtained  by  boiling  or  pressing  the  fruits  of  vari- 
ous species  of  palms,  chiefly  of  Avoira  elaeis  or  Elaeis  guianerms 
and  Elaeis  melanococca.  The  principal  places  of  production 
are  Western  Africa  (Guinea)  and  South  America  (Guiana), 
while  some  of  it  is  brought  into  commerce  from  the  Canaries, 
Madeira,  and  other  places.  The  largest  quantity  and  best 
quality  of  palm  oil  come  from  the  West  African  coast  south  of 
Since,  in  the  Republic  of  Liberia,  to  Cameroon,  in  the  Bay  of 
Benin.  The  fruits  of  Avoira  elaeis  are  dark  orange-yellow, 
almost  brown,  of  the  size  of  a  pigeon's  egg,  and  contain  a 
solid  kernel  under  a  fleshy  cover.  The  latter  yields  the 
product  known  as  palm  oil,  which  is  directly  brought  into 
commerce  from  the  localities  where  the  palms  grow.  The 
kernels  also  yield  an  excellent  oil,  known  as  palm-kernel  oil, 
the  manufacture  of  which  is,  however,  principally  carried  on 
in  Europe,  where  it  is  either  expressed  or  extracted  by  means 
of  carbon  disulphide  or  benzol. 

Palm  oil  is  of  an  orange-yellow  to  red-brown  color,  of  a 
butyraceous  consistency,  and,  when  not  rancid,  has  the  odor 
of  orris-root.  The  melting-point  of  fresh  palm  oil  is  at  about 
80.5^  F.,  while  that  of  rancid  oil  is  much  higher,  rising  to 
108.5^  F.     The  melting-point  of  the  fatty  acids  separated 
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from  palm  oil  ranges  between  116.5°  and  118.6°  F.,  and  their 
congealing  point  between  104°  and  113°  F.  The  saponifica- 
tion number  of  palm  oil  is,  according  to  Valenta,  202  to  202.5, 
and  that  of  the  separated  fatty  acids  206.5  to  207.3.  The 
iodine  number  is,  according  to  Hiibl,  51.5. 

Palm  oil  consists  chiefly  of  palmitin  and  olein.  A  very 
characteristic  feature  of  this  fat  is  the  great  quantity  of  free 
fatty  acids  it  contains.  In  fresh  palm  oil  has  been  found 
one-third  and  in  an  old  sample  as  much  as  four-fifths  of  its 
weight  of  free  fatty  acids.  The  greater  portion  of  glycerin 
separates  as  such,  and  can  be  obtained  by  extraction  with 
water. 

The  reddish-yellow  color  of  palm-oil  is  not  destroyed  by 
saponification,  so  that  the  soap  manufactured  from  the  crude 
product  shows  a  yellow  color.  In  the  manufacture  of  stearin 
the  coloring  substance  can  be  destroyed  by  acid  saponification 
and  distillation,  but  not  by  autoclave  and  ordinary  lime 
saponification.  Bleaching  the  oil  may  be  efiected  by  super- 
heating, by  heat  and  air,  and  by  chemical  agents.  However 
not  all  varieties  of  palm-oil  can  be  bleached.  Lagos  and  Old 
Calabar  oils  give  good  results,  but  dirty  red  oils,  such  as 
Congo  oil,  cannot  be  bleached. 

Superheated  sieam  i,  e.  rapidly  heating  the  oil  to  between 
428^  and  464°  F.,  is  the  simplest  method  of  bleaching.  Im- 
pure oil  must,  however,  first  be  purified  by  melting  upon 
water  at  a  moderate  heat.  The  supernatant  clear  fluid  is  then 
drawn  ofl*  from  the  sediment,  brought  into  an  iron  kettle,  and 
quickly  heated  to  the  above  mentioned  temperature,  one  of 
428°  F.  sufficing  for  most  varieties,  though  some  require  a 
higher  one. 

A  method  of  bleaching  by  superheating  recommended  by 
Klepzig  is  as  follows :  The  oil  is  quickly  heated  to  392°  F. 
and  then  carefully  to  between  419°  and  428°  F.,  the  latter 
temperature  being  kept  up  for  one  hour,  without  stirring.  In 
about  half  an  hour  the  oil  has  acquired  a  lemon  color  and  is 
perfectly  clear,  the  yellow  coloration  disappearing,  as  a  rule, 
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entirely  in  3  J  hours,  and  the  oil  becoming  dirty  gray.  By 
pouring  a  few  drops  of  the  oil  upon  a  plate,  fine  particles  of 
carbon  will  be  observed  floating  in  them.  The  fire  is  then 
withdrawn  and  the  oil  allowed  to  stand  quietly  in  the  kettle. 
With  some  experience  it  can  be  readily  judged  whether  the 
oil  is  to  be  kept  for  some  time  longer  at  the  indicated  tern- 

m 

perature,  or  heated  to  a  still  higher  degree. 

Oil  purified  before  heating  shows,  when  cold,  a  whitish 
color  shading  into  brown  ;  oil  not  previously  purified  is  dirty 
gray  from  the  many  finely^divided  particles  of  carbon  sus- 
pended in  it.  These  impurities,  however,  do  not  injure  the 
oil  for  the  manufacture  of  soap,  as  they  are  removed  by  salt- 
ing out.  Klepzig  is  of  the  opinion  that  bleaching  is  effected 
by  this  finely-divided  carbon  ;  this,  however,  is  not  correct, 
since  well-purified  oils,  in  which  the  formation  of  carbon  is 
very  slight,  are  also  bleached  by  the  application  of  heat.  This 
method  of  bleaching  simply  depends  upon  the  fact  that  the 
coloring  matter  of  palm-oil  is  destroyed  by  heat.  It  has  the 
defect  that  the  bottoms  of  the  kettles  sufiFer  much.  With  care- 
ful work  and  good,  pure  palm-oil  the  loss  in  weight  is  1  to  IJ 
per  cent. 

To  bleach  palm-oil  by  the  agency  of  heat  and  aiVy  it  is  heated 
to  212°  F.,  and  at  this  temperature  brought  in  contact  with 
the  air  which  is  accomplished  by  various  mechanical  appli- 
ances. The  most  simple  is  to  fill  a  fine-meshed  sieve  fastened 
to  a  long  handle  with  oil,  raise  it  up  quickly,  and  bring  the 
oil  in  contact  with  the  atmospheric  air  by  allowing  it  to  run 
back  into  the  kettle.  By  frequently  repeating  this  rather  slow 
process  the  oil  is  bleached.  A  better  arrangement  is  a  sort  of 
paddle  wheel  so  adjusted  that  one-half  of  it  dips  into  the  oil. 
By  setting  the  wheel  in  motion  the  paddles  lift  up  a  portion 
of  the  oil,  allowing  it  to  run  back  in  a  fine  stream  into  the 
kettle.  This  mode  of  bleaching  has  the  advantage  of  not  im- 
pairing the  agreeable  odor  of  the  oil.  It  is,  however,  not 
available  for  inferior  qualities  of  oil  which  can  at  the  best  be 
only  bleached  by  chemical  agents.     From  the  color  of  the  oil 
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a  conclusion  can  readily  be  drawn  as  to  its  bleaching  capacity. 
The  more  the  color  passes  from  reddish  into  brown,  the  more 
difficult  it  will  be  to  bleach.  Soaps  from  palm-oil  bleached 
by  light  and  air  turn  white  far  more  slowly  than  soaps  from 
chemically  bleached  oils. 

Koerting's  steam-jet  air-suction  apparatus  Fig.  5  is  very 
suitable  for  bleaching  with  beat 
^'"'  '^'  and  air.     C  is  the  air-auction  ap- 

'  paratus  ;  the  steam  enters  at  a, 

and  is  regulated  by  6 ;  g  is  the 
sucking-off  pipe ;  K  a  steam 
heating  coil ;  H  the  stop-cock 
for  discharging  the  oil  and  E 
t  the  pipe  for  conveying  the  air. 

3    The  apparatus  works  as  follows : 
The  oil    in    the  kettle  is   first 
heated  by  means  of  the  steam- 
coil  to  about  212°  F.     The  air 
is  then  sucked  in  and  produces 
a  vacuum  above  the  oil.     The 
air  passing  in  through  the  air- 
pipe,  as    welt    as    the    vapors 
evolved  from  the  oil,  are  sucked 
off  below   the    vacuum.      The  atmospheric  air  introduced 
through  the  air-pipe  passes  out  through  a  large  number  of 
small  holes  near  the  bottom  of  the  kettle  and,  while  ascending 
is  intimately  mixed  with  the  oil.     In  this  manner  20  to  25 
hundredweight  of  palm-oil  can  in  about  2  hours  be  nicely 
bleached.     The  end  of  the  bleaching  process  is  recognized  by 
taking  eamples   through  the  cock    ^  and  allowing  them   to 
cool  upon  a  porcelain-dish,     This  process  of  bleaching  gives 
excellent  results  if  the  oil  can  be  bleached  by  the  osygen  of 
the  air  alone.     It  is,  however,  absolutely  necessary  for  the  oil 
to  be  free  from  dirt  and  water,  as  otherwise  the  bleaching 
operation  will  not  be  successful.     To  obtain  crude  oil  of  suffi- 
cient purity  it  has  to  be  melted  the  day  before,  and  allowed 
to  settle  overnight. 
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Bleaching  by  chemical  agents  is  effected  by  oxidizing  sub- 
stances, the  best  being  chromic  acid,  t.  6.,  a  mixture  of  potassium 
dichromate  and  hydrochloric  acid.  The  process  as  executed 
in  most  soap  factories  is  as  follows :  The  palm-oil  is  first  puri- 
fied by  melting  upon  water.  After  allowing  the  impurities 
to  settle  the  supernatant  clear  oil  is  drawn  off  and  allowed  to 
cool  to  122°  F.  To  1000  pounds  of  oil  are  then  added,  with 
constant  stirring,  50  pounds  of  hydrochloric  acid  and  12 
pounds  of  potassium  dichromate  previously  dissolved  in  24 
pounds  of  boiling  water.  After  stirring  ten  to  fifteen  minutes 
the  oil  shows  a  dark,  dirty  gray  color.  Sometimes  a  few 
pounds  of  sulphuric  acid  are  added.  The  stirring  is  continued 
until  the  oil  is  entirely  clear  with  a  bluish  luster.  60  to  80 
pounds  of  hot  water  are  then  poured  over  the  oil  by  means  of 
a  sprinkler,  and  after  covering  the  vat  it  is  allowed  to  stand 
till  the  next  day. 

With  most  varieties  a  much  smaller  quantity  of  potassium 
dichroibate  suflSces,  1000  pounds  of  oil  frequently  requiring 
only  5  to  6  pounds. 

A  process  of  bleaching  palm-oil,  recommended  by  Bolley,  is 
as  follows :  1000  pounds  of  palm-oil,  previously  melted,  are 
brought  at  122®  F.  into  a  wooden  vat ;  6  pounds  of  potassium 
dichromate  are  then  added,  and,  after  thorough  stirring,  10 
pounds  of  hydrochloric  acid,  and  finally  J  pound  of  sulphuric 
acid.  Stirring  is  then  continued  half  an  hour  and  a  sample 
taken.  If  the  oil  proves  still  yellow,  some  more  potassium 
dichromate,  hydrochloric  acid  and  sulphuric  acid  are  added 
until  the  desired  result  is  obtained.  The  oil  is  then  brought 
into  a  copper  kettle  and  boiled  for  some  time  with  water  to 
remove  all  constituents  of  the  bleaching  agent.  It  is  then 
allowed  to  stand  covered  for  some  time,  and  finally  the  super- 
natant clear  fat  drawn  ofif. 

Palm-oil  bleached  by  means  of  potassium  dichromate  has 

frequently  a  greenish  shade,  which  is  due  to  a  small  quantity 

of  chromic  oxide  contained  in  it.     This  can   be  extracted, 

and  a  faultlessly   white  product   obtained    by  boiling   with 
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dilute  hydrochloric  acid  and  remelting  the  oil  upon  pure 
water. 

Commercial  palm-oil  varies  very  much  in  quality,  the  prima 
lagoa  and  secunda  lagoa  being  the  best,  the  former  being  more 
readily  bleached  than  the  latter.  Next  in  quality  is  the  old 
Calabar  oil,  which  is  also  readily  bleached,  especially  by 
chemical  means.  The  oils  from  Accra  and  Benin  are  not  so 
pure  as  the  preceding  ones,  and  very  unequal  in  their  behavior 
during  bleaching.  They  are  generally  used  for  dark  grained 
soaps  and  rosined  grained  soaps.  The  crude  oils  from  Came^ 
roon,  Gaboon  and  Liberia  are  generally  remelted  on  board  the 
vessels,  and  brought  into  commerce  under  the  name  of  purified 
Cameroons.  They  are  generally  very  rancid,  and,  notwith- 
standing their  name,  by  no  means  free  from  dirt.  They 
cannot  be  as  readily  J)Ieached  as  lagos  and  old  Calabar  oil, 
and  generally  require  chemical  agents  for  the  purpose. 

To  obtain  the  oil  from  the  sediment  formed  by  storing  large 
quantities  of  palm-oil,  the  sediment  is  boiled  upon  water,  and 
after  standing  for  some  time  the  supernatant  clear  oil  drawn 
oiff.  The  slimy  residue  is  brought  into  large  barrels,  and  after 
adding,  with  constant  stirring,  some  sulphuric  acid,  and  con- 
tinuing the  stirring  for  some  time,  the  barrels  are  covered  and 
the  contents  allowed  to  settle.  After  a  few  hours  the  dark- 
colored  oil,  which  has  separated,  is  drawn  off,  and  can  be 
either  bleached  with  potassium  dichromate  and  acid,  or  imme- 
diately used  for  dark  soaps. 

The  sediment  obtained  by  bleaching  with  chemical  agents 
also  contains  much  oil,  and  is  therefore  washed  with  hot 
water  with  an  addition  of  sulphuric  acid.  The  oil  obtained, 
though  dark,  yields  quite  pale  soaps,  which  in  odor  and  firm- 
ness are  not  inferior  to  other  palm  oil  soaps. 

Palm  oil  was  formerly  much  adulterated,  and  substitutes  for 
it  consisting  of  mixtures  of  wax,  tallow,  and  lard  colored  with 
turmeric  and  scented  with  orris-root,  were  even  found  in  com- 
merce. Such  adulterations  and  mixtures  could  be  readily 
detected  by  the  test  with  glacial  acetic  acid,  which  dissolves 
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palm  oil,  but  leaves  all  the  rest  undissolved.  The  addition  of 
turmeric  is  recognized  by  the  brown  color  formed  on  stirring 
in  soda  lye.  With  the  present  prices  of  palm  oil  such  adulter- 
ations need,  however,  not  be  feared,  as  they  would  not  pay. 

All  palm  oils,  no  matter  how  much  they  may  vary  in 
quality,  yield  a  firm  soap  of  an  agreeable  odor,  the  scent 
remaining  quite  perceptible  in  combination  with  other  fats 
and  oils,  and  even  with  rosin. 

Palm  oil,  crude  or  bleached,  is  readily  saponified.  It 
yields,  even  with  weak  lye  of  8^  B.,  a  quite  thick  and  viscid 
soap  paste.  Generally  it  is,  however,  saponified  with  lye  of 
12°  to  15°  B.,  yielding,  when  thoroughly  salted  out,  an  abuu- 
dant  grain  quite  free  from  scum,  which,  if  the  paste  was  en- 
tirely clear,  is  thoroughly  saturated.  Since  palm  oil  is  gen- 
erally quite  rancid,  and  contains,  therefore,  free  fatty  acids,  a 
lye  of  15°  B.,  which,  with  a  high  percentage  of  lime,  always 
contains  some  alkaline  carbonate,  is  completely  exhausted, 
especially  when  adding  it  carefully  towards  the. end  of  the 
operation  and  boiling  slowly.  Saponification  with  direct  steam 
is  especially  quick  and  perfect,  the  grain  separating  almost 
entirely  clear,  the  best  proof  of  a  complete  saponification. 

By  reason  of  the  large  content  of  j^almitic  acid,  palm  oil 
yields  a  good  firm  soap,  notwithstanding  the  large  percentage 
of  water  retained  even  by  grained  soap.  100  lbs.  of  pure  oil 
yield  1^2  to  165  lbs.  of  fresh  ground  grained  soap. 

The  principal  use  of  palm  oil,  besides  the  manufacture  of 
soap,  is  in  the  preparation  of  stearin. 

Palm-kernel  oily  usually  called  kernel  oil  by  the  soap  boiler, 
is  obtained  either  by  expression,  or  by  extraction  with  carbon 
disulphide  or  benzine  from  the  kernels  of  the  palm-fruit. 
The  kernels  reach  the  market  freed  from  the  woody  shell. 
The  percentage  of  oil  varies  between  35  and  50  per  cent., 
though  some  kernels,  it  is  claimed,  contain  as  much  as  60  per 
cent,  and  more. 

Palm-kernel  oil  consists  chiefly  of  the  glycerides  of  lauric, 
stearic,  palmitic,  and  oleic  acids,  and  contains  only  small 
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quantities  of  tricaprin,  tricaprylin,  and  tricapronin  (and  per- 
haps some  trimyristin)  in  about  the  following  proportions: 
Triolein,  26.6  per  cent.;  tristearin,  tripalmitin  (trimyristin?) 
33  per  cent.;  trilaurin,  tricaprin,  tricaprylin,  tricapronin  40.4 
per  cent. 

The  melting-point  of  fresh  palm-kernel  oil  is  at  from  77°  to 
79°  F.;  that  of  old  rancid  oil  being  somewhat  higher.  Its 
saponification  number  is,  according  to  Valenta,  247.6,  and 
that  of  the  separated  fatty  acids  265.8.  By  the  determination 
of  the  saponification  number  the  fatty  acids  of  palm  oil  can 
be  readily  distinguished  from  those  of  palm-kernel  oil.  The 
iodine  number  of  palm-kerpel  oil  is,  according  to  Hiibl,  13.4 
to  13.6,  and  that  of  the  separated  fatty  acids,  according  to 
Demski  and  Morawski,  12.07. 

The  behavior  of  palm-kernel  oil,  as  regards  saponification, 
resembles  that  of  cocoanut  oil;  the  behavior  of  both  these  fats, 
though  not  exactly  alike,  being,  no  doubt,  due  to  the  large 
percentage  of  laurostearin  characteristic  of  them.  Palm-kernel 
oil  requires  strong  caustic  lyes,  though  of  a  less  degree  than 
cocoanut  oil.  While  palm-kernel  oil  combines  quickest  with 
an  initial  lye  of  26^  to  30°  B.,  and  the  combination  takes 
place  with  greater  difficulty  the  more  these  degrees  are  ex- 
ceeded, cocoanut  oil  readily  forms  a  combination  with  much 
stronger  lye.  In  their  behavior  towards  common  salt  the 
soaps  from  the  two  fats  also  resemble  each  other,  but  are  not 
alike.  Soaps  from  palm-kernel  oil  are  salted  out  with  diffi- 
culty though  with  greater  ease  than  soaps  from  cocoanut  oil. 
While  with  the  latter  soaps  an  augmentation  of  up  to  1200 
per  cent,  yield  by  salt  water  is  possible,  the  resulting  product 
being  firm,  with  soaps  from  palm-kernel  oil  an  augmentation 
up  to  from  600  to  700  per  cent,  is  at  the  utmost  possible. 

It  has  been  frequently  asked  whether  there  is  a  difference 
between  expressed  and  extracted  palm-kernel  oil ;  at  the  pres- 
ent time  this  question  can  be  unreservedly  answered  with 
**  No."  Cases,  formerly  referred  to  by  different  writers,  of 
soap  from  extracted  oil  turning  entirely  black  in  boiling,  with 
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the  development  of  an  intense  odor  of  carbon  disulphide,  are 
scarcely  possible  now,  and  were,  no  doubt,  due  to  extracting 
the  oil  with  impure  carbon  disulphide  and  insufficient  subse- 
quent purification. 

It  has  recently  been  observed  that  palm-kernel  oil  extracted 
with  carbon  disulphide  turns  green  in  saponifying.  The 
green  color,  however,  disappears  again  after  the  lye  required 
for  complete  saponification  has  been  added. 

The  manner  of  detecting  carbon  disulphide  in  extracted  oil 
has  previously  been  given.  The  oil  can  be  freed  from  carbon 
disulphide,  or  rather  from  its  products  of  decomposition,  by 
boiling  it  for  some  time  with  salt  water  by  the  introduction  of 
steam.  To  test  whether  the  desired  result  is  attained,  take 
from  time  to  time  a  sample  of  the  oil,  filter  it  through  paper 
until  entirely  clear  and  saponify  it.  The  resulting  soap  must 
not  show  a  bad  odor. 

SJiea  butter,  galam  butter  or  bambuk  butter  is  obtained  by 
boiling  with  water  the  comminuted  kernels  of  Bassii  parkii,  a 
tree  belonging  to  the  Sapotese  species,  growing  in  the  interior 
of  Africa.  The  fat  is  of  a  butyraceous  consistency,  gray-white 
or  greenish-white,  of  a  peculiarly  viscid  and  sticky  nature 
(similar  to  a  mixture  of  fat  and  turpentine),  and  a  peculiar 
aromatic  odor.  It  keeps  a  long  time  without  turning  rancid. 
It  melts  at  between  82.5°  and  84°  F.,  though  statements  of 
various  observers  vary  very  much  in  this  respect. 

For  the  manufacture  of  soap,  shea  butter  can  only  be  used 
as  an  addition  to  other  fats,  it  being  best  employed  in  connec- 
tion with  palm-kernel  oil. 

For  rosined  grained  soaps,  with  an  addition  of  rosin  of  up 
to  25  per  cent.,  shea  butter  together  with  palm-kernel  oil  is 
very  suitable,  the  result  being  a  very  fair  product.  However, 
for  soaps  which  are  subsequently  to  be  filled,  shea  butter  has 
to  be  used  with  great  precaution. 

On  account  of  its  great  content  of  non-saponifiable  sub- 
stances, shea  butter  gives  only  a  yield  of  130  per  cent. 

lUoopa  oil  or  Bama  oil,  also  called  Mahwa  butter,  is  obtained 


102  MANUFACTURE   OF   SOAP. 

from  the  seeds  of  Bassia  longifolia  and  Bassia  latifolia.  The 
fresh  fat  is  yellow  and  has  a  bitter  aromatic  taste  and  a  char- 
acteristic odor  reminding  one  of  cacao  beans.  On  exposure  to 
air  and  light  the  coloration  disappears  quite  rapidly  and  the 
fat  becomes  rancid. 

According  to  Dirks,  the  use  of  Bassia  oil  for  the  manufac- 
ture of  soap  has  been  very  unsatisfactory.  Though  the  soaps 
are  not  as  brittle  as  those  prepared  from  shea  butter,  they 
cannot  be  called  faultless  as  regards  firmness  and  durability. 
Bassia  oil  to  be  used  for  white  grained  soaps  has  to  be  pre- 
viously boiled,  as  it  contains  considerable  quantities  of  muci- 
lage and  other  impurities.  In  working  larger  quantities  of 
the  oil  for  grained  soaps,  the  separation  of  vegetable  impurities 
may  be  so  great  that  a  dark  green,  viscous,  non-saponifiable 
coat  is  formed  on  the  sides  and  bottom  of  the  kettle.  This 
coat,  when  cold,  is  so  viscous  that  it  can  only  be  removed  with 
difficulty  from  the  sides  of  the  kettle.  In  buying  Bassia  oil, 
15  per  cent,  must  be  allowed  for  impurities,  and,  to  use  the 
oil  to  advantage  for  saponification,  it  must  be  20  per  cent, 
cheaper  than  palm-kernel  oil.  For  grained  soaps,  which  are 
subsequently  to  be  filled,  it  has  to  be  used  with  caution,  as  it 
brings  too  many  foreign  substances  into  the  soap  which  effect 
the  stability  of  the  combination. 

Piney  tallow,  also  called  vegetable  tallow  or  Valeria  fat,  is  ob- 
tained from  the  seeds  of  Valeria  indicaf  L.,  a  tree  indigenous 
to  the  East  Indies.  The  air-dried  seeds  contain  49.21  per 
cent,  of  a  solid,  greenish-yellow  fat,  which  soon  becomes  white 
on  exposure  to  light,  and  has  a  peculiar  slightly  balsamic 
odor.  The  fat  prepared  from  commercial  seeds  shows  a  melt- 
ing-point of  107.5°  F.,  while,  according  to  other  statements,  it 
melts  at  98°  F.  and  congeals  at  87°  F.  It  saponifies  with 
great  ease,  1  gramme  of  fat  requiring  191.9  milligrammes  of 
caustic  potash,  whereby  8.4  per  cent,  of  glycerin  is  separated. 
The  fatty  acids  separated  from  the  products  of  saponification 
melt  at  134°  F.  and  congeal  at  130.5°  F.,  and  consist  of  a 
mixture  of  oleic  acid  and  solid  fatty  acids.    The  latter  amount 


FATS,    PAT  OILS,    FATTY   ACIDS   AND   ROSIN.  103 

to  about  60  per  cent,  of  the  weight  of  the  vegetable  tallow,  and 
melt  at  147^  F.  Notwithstanding  this  high  melting  point, 
the  pre-eminently  crystalline  product  is  rather  sofl  and  readily 
friable. 

According  to  Derks,  piney  tallow  boiled  by  itself  saponifies 
with  a  lye  of  12°  B.  to  a  clear  paste,  the  result  in  salting-out 
being  a  fine  closed  grain  with  a  yield  of  about  142  per  cent. 
The  fat  is  very  suitable  for  all  kinds  of  rosined  grained  soaps. 
Although  the  pale  soaps  acquire  at  first  somewhat  of  the  green 
coloration  of  the  fat,  they  soon  bleach  satisfactorily. 

Chinese  tallow,  also  called  vegetable  tallow  and  Stillingia 
tallow  is  obtained  from  the  seeds  of  Stillingia  sebiferay  or  the 
tallow  tree  indigenous  to  China.  The  fruit  of  the  tree  con- 
tains three  egg-shaped  seeds  coated  with  a  thick  hard  tallowy 
layer,  while  the  seed  kernel  contains  a  liquid  fat.  The  tallow 
is  obtained  by  one  of  two  methods.  The  seeds  are  either  freed 
from  the  capsules  and  treated  with  steam  whereby  the  tallow 
— about  20  to  30  per  cent,  of  the  weight  of  the  seeds — melts 
off;  the  seeds  are  then  crushed  to  obtain  the  liquid  fat.  Or, 
the  seeds  are  at  once  crushed  and  the  tallow  and  liquid  fat 
are  boiled  out  together  with  water.  The  tallow  obtained  by 
the  first  method  is  white  or  greenish-white,  inodorous,  quite 
hard,  and  melts  at  104°  to  106°  F.;  it  consists  chiefly  of  pal- 
mitin.  The  fat  obtained  according  to  the  other  method  forms 
a  whitish  or  gray-white  mass  with  a  slight  odor ;  it  becomes 
yellow  to  brown  by  storing,  shows  a  slightly  acid  reaction  and 
congeals  at  about  96°  F. 

Chinese  tallow  is  said  to  have  for  some  time  been  used  in 
England  in  the  manufacture  of  candles  and  soap.  As  regards 
its  hardness  and  yield  it  can,  according  to  L.  Borchert,  be 
classed  with  the  best  varieties  of  tallow.  In  boiling  it  behaves 
like  the  best  quality  of  animal  fat,  and  yields  very  hard  soaps 
which,  as  to  detergent  power  and  economy  in  use,  remind  one 
of  stearin  soaps.  As  Chinese  tallow,  by  reason  of  the  primitive 
methods  of  its  production,  contains  considerable  dirt,  Dirks 
recommends  to  purify  it  before  use.  For  the  reason  men- 
tioned, the  yield  amounts  only  to  about  142  per  cent. 
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Commercial  Chinese  tallow  varies  very  much  in  quality. 
The  melting-point  of  the  neutral  fat,  which  is  always  much 
below  that  of  the  fatty  acids,  differs  considerably,  being  some- 
times as  low  as  95^  F.  The  fatty  acids  generally  drain  off  at 
131^  F.;  with  pale  yellow  tallow  the  temperature,  however, 
rises  to  nearly  140°  F.,  and  with  green  tallow  sinks  to  120°  F. 

Chinese  tallow  contains  frequently  considerable  water, 
though  in  examining  it  special  attention  should  be  directed 
towards  dirt  in  the  canisters,  of  which  there  is  frequently 
found  an  astonishing  quantity. 

Under  the  name  of  "  vegetable  tallow  "  another  vegetable 
fat  is  brought  into  market  which  is  obtained,  chiefly  in  Borneo, 
from  various  species  of  Hopea,  especially  Hopea  spleiidida  and 
Hopea  aspera.  The  ripe  fruits  are  piled  up  in  a  moist  place 
and  allowed  to  germinate  a  little.  They  are  then  dried  in  the 
sun  until  they. are  brittle,  when  they  are  deprived  of  their 
shell  and  put  into  a  rattan  or  bamboo  basket  suspended  over 
boiling  water.  The  arising  steam  renders  the  fruits  soft  and 
plastic.  The  fat  is  then  expressed  by  squeezing  the  doughy 
mass  in  a  cloth,  and  is  poured  into  joints  of  bamboo,  by  which 
it  receives  the  cylindrical  form  in  which  it  is  met  with  in 
commerce.  By  the  natives  the  tallow  is  used  for  culinary 
and  lighting  purposes.  It  is  largely  exported  to  England, 
where  it  has  been  successfully  employed  as  a  lubricating  agent, 
being  very  valuable  for  this  purpose,  far  surpassing  even  olive 
oil.     In  Manila  it  is  employed  in  the  manufacture  of  candles. 

The  tallow  is  white  and  hard  and  crumbly  at  an  ordinary 
temperature,  but  softens  at  a  moderate  heat,  and  has  a  some- 
what nutty  taste  and  odor.  According  to  Fielding,  it  remains 
hard  up  to  a  temperature  of  64.5°  F.,  softens  between  80.5® 
and  104°  F.  to  a  pasty  mass,  and  melts  at  112"^  F.  It  dis- 
solves in  about  half  its  weight  of  cold  ether,  is  sparingly 
soluble  in  cold,  but  freely  in  hot,  aceton  ;  on  cooling*the  greater 
portion  is,  however,  reseparated.  It  dissolves  in  half  its  weight 
of  chloroform,  is  readily  soluble  in  oil  of  turpentine,  and  very 
freely  in  carbon  disulphide,  and  in  hot  benzine.  It  is  also 
soluble  in  about  30  parts  of  cold  and  20  parts  of  hot  alcohol. 
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Cocoa  bvMer  is  obtained  as  a  by-product  in  chocolate  factories 
by  hot  expression  of  the  cocoa  bean,  the  fruit  of  Theobroma 
cacao,  L.  In  a  fresh  and  pure  state  the  fat  is  yellowish,  but 
becomes  nearly  white  with  increasing  age.  It  smells  like 
roasted  cocoa  beans  and  keepd  a  long  time  without  becoming 
rancid,  and  for  this  reason  is  much  employed  for  cosmetic  and 
pharmaceutical  preparations.  The  specific  gravity  of  fresh 
cocoa  butter  is  0.950  to  0.960,  and  that  of  old  0.947  to 
0.950.  The  statements  in  regard  to  the  melting-point  vary 
between  77°  and  91.6°  F.,  the  variations  being,  no  doubt, 
chiefly  due  to  the  methods  employed.  Melted  cocoa  butter 
can,  according  to  RiidorflT,  be  readily  cooled  to  71.5°  F.,  and 
on  congealing  shows  a  permanent  increase  of  temperature  to 
82°  F.  Cocoa  butter  gives  a  clear  solution  with  ether,  oil  of 
turpentine,  aud  chloroform.  Its  saponification  number  is  198 
to  203,  and  its  iodine  number  51.0.  The  fatty  acids  separated 
from  it  melt  at  125°  F.  and  congeal  at  123.5°  F. 

The  quality  of  cocoa-butter  may  be  partly  determined  by 
the  odor,  taste  and  consistency.  It  is  frequently  adulterated 
especially  with  palm-kernel  oil,  cocoa-stearin,  as  well  as  with 
dika  oil  and  beef  tallow.  For  the  detection  of  the  first  two 
adulterants  the  determination  of  the  saponification  number 
and  iodine  number  is  generally  sufficient,  the  former  being 
considerably  higher  in  their  presence,  and  the  latter  consider- 
ably lower  than  with  the  genuine  product. 

For  the  detection  of  tallow  Bjoerklund's  ether  test  is  recom- 
mended: Pour  6  grammes  of  ether  over  3  grammes  cocoa- 
butter,  close  the  test-tube  with  a  cork,  and  effect  solution  by 
shaking  at  64.4°  F.;  the  sample  should  form  a  clear  solution. 
Then  place  the  test-tube  in  water  of  32°  F.  If  the  previously 
clear  solution  becomes  turbid  in  10  to  15  minutes  and  again 
clear  at  66.2°  to  68°  F.,  the  fat  is  pure.  If  the  fat  is  adul- 
terated  with  beef-tallow  turbidity  appears  sooner — in  7  to  8 

minutes — and  the  solution   again   clarifies  only   at  71.6°  to 
770  F^ 

No  sure  means  of  detecting  the  presence  of  dika  oil  has  thus 
far  been  found. 
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Dika  oil,  or  wild  mango  oil,  is  obtained  from  the  seeds  of 
Manffifera  gabonensia,  a  tree  indigenous  to  the  west  coast  of 
Africa.  When  fresh  it  is  pure  white  and  of  a  mild  cocoa-like 
odor  and  taste,  but  when  stored  for  some  time  it  becomes 
yellow  and  rancid.  It  melts  at  from  86°  to  89.5°  F.,  contains 
the  glycerides  of  lauric  and  myristic  acids,  and  is  readily 
saponified. 

Olive  oil  is  obtained  from  the  fruit  of  several  varieties  of  the 
Olea  Europssa,  the  quality  of  the  oil  varying  slightly  with  the 
class  of  tree  yielding  the  fruit.  The  nearly  ripe  olives  con- 
tain 30  to  50  per  cent,  of  oil  and  are  generally  first  submitted 
to  slight  pressure,  whereby  the  virgin  oil  is  obtained.  The 
yield  of  this  is  very  small,  the  bulk  of  the  oil  being  obtained 
by  crushing  the  flesh  in  edge-runners  or  between  rollers,  fol- 
lowed by  moderate  pressure,  the  first  product  being  the  best. 
The  Tnarc  or  press-cake  is  broken  up,  stirred  with  boiling  water, 
and  then  more  strongly  pressed  ;  the  second  marc  is  similarly 
treated,  the  stones  also  being  crushed,  and  very  strongly 
pressed.  Each  succeeding  extraction  yields  an  oil  inferior  to 
that  preceding  it ;  and  the  residual  oil  in  the  final  press  cake 
may  be  obtained  by  extraction  with  volatile  solvents.  Such 
press-cakes  are  known  in  Italy  as  Sanza,  and  carbon  disul- 
phide  is  as  a  rule  used  for  extracting  the  oil  still  contained  in 
them.     This  oil  is  generally  known  as  mlphur  oil. 

Inferior  olive  oil,  not  fit  for  dietetic  purposes,  but  used  for 
lubrication,  although  containing  7  to  8  per  cent,  of  free  oleic 
acid,  is  known  as  gallipoli  or  engine  oil.  Sometimes  the 
kernels  are  crushed  or  extracted  separately,  yielding  olive- 
kernel  oil^  which  is  similar  to  low-grade  olive  oil. 

Olive  oil  possesses  the  color  characteristic  of  the  fruit,  the 
green  tinge  being  due  to  chlorophyll.  It  has  a  mild  flavor 
when  fresh,  but  becomes  rancid  more  readily  than  true  seed 
oils.  It  dissolves  sparingly  in  alcohol,  but  readily  in  1^  to  2^ 
parts  ether,  and  in  8  parts  acetic  ether.  Cold-pressed  oil 
consists  of  about  70  per  cent,  of  glyceryl  salts  (chiefly  oleate) 
liquid  at  the   ordinary  temperature,   the  remaining  30  per 
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cent,  being  chiefly  glyceryl  salts  of  fatty  acids  of  the  acetic 
series  (notably  palq:iitic  acid);  these  partially  separate  on  cool- 
ing to  about  50^  F.  The  hot-pressed  oils  are  richer  in  pal- 
mitin.  The  specific  gravity  of  cold-pressed  oil  ranges  at  59°  F. 
between  0.915  and  0.918,  while  that  of  hot-pressed  oils  is 
frequently  as  much  as  0.925.  The  latter  deposit  granular 
secretions  at  50°  F.  and  congeal  at  32°  F.,  while  superior 
grades  of  cold-pressed  oil  become  only  turbid  at  85.6°  F.,  and 
separate  palmitin  at  21°  F.  The  fatty  acids  separated  from 
olive  oil  melt  at  from  71.5°  to  79°  F.,  and  congeal  at  from 
70°  to  71.5°  F.  The  saponification  number  of  olive  oil  is 
191  to  192,  and  the  iodine  number  81.6  to  84.6,  and  that  of 
the  separated  fatty  acids  86.1.  The  better  grades  of  olive  oil 
are  frequently  adulterated,  particularly  with  sesame  oil  and 
cotton-seed  oil.  An  excellent  means  of  recognizing  pure  olive 
oil  is  the  iodine  number,  as  nearly  all  oils  used  for  adulteration 
show  a  higher  number. 

Olive-oil  foots  and  the  oil  obtained  by  extracting  the  press- 
cakes  with  carbon  disulphide,  which  is  generally  known  as 
sulphur  oil,  are  chiefly  used  in  the  manufacture  of  soap,  they 
alone  yielding  hard  bar-soaps,  while  the  liquid  oils  without 
an  addition  of  cocoa-nut  oil  or  other  solid  fats  can  only  be 
employed  for  soft  soaps.  Like  tallow  soaps,  olive-oil  soaps 
stand  but  little  salt,  and  can  be  salted  out  with  5  to  8  per  cent, 
of  the  latter.  There  is  however  considerable  diflerence  as  re- 
gards saponification  between  olive-oil  foots  and  sulphur  oil. 
While  the  former  requires  a  weak  lye  for  the  induction  of 
saponification,  the  latter  saponifies  with  any  kind  of  lye. 
Sulphur  oil  is  generally  saponified  with  caustic  soda  lye  of 
about  25°  B.  The  soap  is  then  separated  from  the  brine  and 
suflSciently  ground  for  the  dirt  and  coloring  matters  to  sepa- 
rate. The  finished  soap  has  a  thin,  dirty  green  cover  of  froth. 
Beneath  this  lies  a  bright  olive-green  grain  and  between  the 
latter  and  the  thick  sub-lye  a  highly  colored  soap  which  is 
worked  either  by  itself  or  added  to  the  next  boiling.  The 
grained  soap  is  moderately  solid,  somewhat  like  soap. from  half 
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tallow  and  half  lard.  Soap  from  oil  which  has  been  extracted 
from  fresh  residues  has  not  a  disagreeable  odor,  but,  if  previ- 
ous to  extraction,  the  press-cake  or  sanza  has  passed  into  fer- 
mentation, a  lasting  offensive  odor  adheres  to  the  oil  as  well 
as  to  the  soap  made  from  it. 

From  100  lbs.  of  sulphur  oil,  150  to  160  lbs.  of  ground  or 
fitted  grained  soap  are  obtained  ;  however  under  certain  con- 
ditions the  soap  is  capable  of  absorbing  much  water  as  well  as 
silicate  of  soda  and  talc. 

Sesame  oil  is  obtained  by  crashing  the  seeds  of  Sesamum 
orientale,  commonly  called  iil-seed.  The  seeds  contain  47  to 
56  per  cent,  of  oil.  The  latter  has  a  pale  yellow  color  and 
contains  a  small  quantity  of  a  resinous  body  which  can  be 
extracted  by  repeated  shaking  with  glacial  acetic  acid.  The 
oil  has  a  specific  gravity  of  0.921  to  0.924.  It  consists  chiefly 
of  olein  and  in  addition  contains  the  glycerides  of  linoleic, 
stearic  and  palmitic  acids.  Its  saponification  number  is,  ac- 
cording to  Valenta,  190,  and  that  of  the  fatty  acids  separated 
from  it,  199.3  ;  the  latter  melt  at  from  77^  to  79°  F.,  and  con- 
geal at  72°  F.  The  iodine  number  of  the  oil  is  from  102.7  to 
106  and  that  of  the  fatty  acids  separated  from  it,  108.9  to  111.4. 

With  sugar  and  hydrochloric  acid,  sesame  oil  gives  a  crim- 
son color,  and  it  can  thus  be  detected  in  a  mixture  with  other 
oils.  This  test  is  executed  as  follows :  Dissolve  in  a  test-tube 
0.1  gramme  cane-sugar  in  16  cubic  centimeters  hydrochloric 
acid  of  1.19  specific  gravity,  add  20  ccm.  of  the  oil  to  be 
examined,  shake  vigorously  for  a  short  time  and  allow  to 
stand ;  the  aqueous  solution  separates  in  a  very  short  time 
and  shows  a  crimson  color  even  in  the  presence  of  the  smallest 
quantity  of  sesam6  oil. 

Sesam6  oil  is  used  as  a  food  in  place  of  olive  oil,  and  is 
sometimes  mixed  with  the  latter  as  an  adulterant,  while  in  its 
turn  it  is  frequently  adulterated  with  peanut  oil.  For  the 
manufacture  of  soap  the  oils  obtained  from  the  last  pressure 
and  those  pressed  or  extracted  from  spoiled  seeds  are  only 
used.      For  bar  soap  the  thick,  almost  white,  foots  which 
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deposit  in  storing  the  oil,  and  contain  much  stearin  or  pal- 
mitin,  can  only  be  employed.  The  liquid  oil  may,  however, 
be  worked  as  an  addition  of  up  to  30  per  cent,  to  palm-kernel 
oil,  cocoanut  oil,  tallow  and  palm  oil,  and  then  yields  good 
solid  soaps. 

Oil  obtained  from  bad,  mouldy  seed  has  a  very  disagreeable 
odor,  which,  however,  dan  to  a  great  extent  be  removed  by 
boiling  the  oil  upon  salt  water  with  steam.  It  is  then,  while 
still  hot,  drawn  off  into  large  reservoirs  and  allowed  to  rest. 
On  cooling,  a  large  quantity  of  solid  fat,  almost  white,  is 
separated,  which  is  very  suitable  for  bar  soaps. 

Sesame  oils  saponify  readily,  behaving  in  this  respect  similar 
to  lard.  In  boiling  with  caustic  soda  lye,  the  foots  are  gradu- 
ally added  to  the  boiling  lye,  200  pounds  of  the  latter  of  15** 
B.  being  as  a  rule  allowed  for  100  pounds  of  oil.  Saponifica- 
tion of  the  oil  takes  place  already  when  only  about  half  of  the 
latter  in  proportion  to  lye  is  in  the  kettle ;  but  even  when 
sufficient  oil  has  been  added  to  the  lye  a  long,  smooth  paste- 
soap  is  not  obtained.  Hence  the  correct  proportion  between 
fat  and  lye  has  to  be  previously  calculated,  and  accordingly 
added  and  boiled  till  it  has  pressure.  Salting  out  should  not 
be  effected  so  long  as  the  soap  is  smeary,  otherwise  the  latter 
remains  so  after  salting  out,  and  retains,  even  afker  grinding, 
lye  and  particles  of  dirt.  After  salting  out,  the  soap  boils 
bright,  with  a  large  grain,  and  is  entirely  free  from  froth.  To 
harden  it  still  more,  salt-lye  is  withdrawn  from  it  till  it  can  no 
longer  boil  high.  Samples  of  the  soap  taken  at  this  stage  are 
hard  and,  when  cold,  crumble,  similar  to  moist  flour. 

Pure  liquid  sesam6  oil  saponifies  similar  to  linseed  oil  and 
with  difficulty  with  pure  soda  lye ;  it  does  not  yield  a  good 
grained  soap. 

Peanut  oil  or  earth-nut  oil  is  obtained  from  the  fruit  of 
Arachis  hypogoea^  by  drying  and  pressing,  some  40  per  cent, 
of  oil  being  obtained  as  the  gross  yield  of  several  treatments, 
while  45  per  cent,  is  about  the  content  of  the  seeds.  The  cold 
drawn  oil  is  used  for  eating  instead  of  olive  oil,  the  remaining 
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portions  serving  for  lighting  and  soap-making.  The  pressed 
oil-cake  containing  about  8  per  cent,  of  oil  is  used  as  cattle 
feed. 

Peanut  oil  is  somewhat  more  limpid  than  olive  oil,  and  con- 
tains the  glycerides  of  oleic,  linoleic,  stearic,  hypogaeic  and 
arichidic,  and  perhaps  of  other,  acids.  The  specific  gravity 
of  the  finest  quality  of  fresh  oil  is  0.916  at  59°  F.,  while  that 
of  the  second  and  third  pressures  is  as  much  as  0.920. 
Peanut  oil  belongs  to  the  non-drying  oils ;  it  is  quite  durable 
and  does  not  very  soon  become  rancid.  It  becomes  turbid  at 
37.4°  F.,  congeals  at  26.5°  F.,  and  solidifies  entirely  at  19°  F. 
Its  saponification  number  is  from  191.3  to  191.6;  its  iodine 
number,  according  to  Hubl,  103,  and,  according  to  Moore, 
87.3.  The  separated  fatty  acids  melt  at  82^  F.  and  congeal 
at  75^  F. ;  their  iodine  number  is  from  95.5  to  96.9. 

Peanut  oil  is  used  in  the  manufacture  of  grained  soap,  half- 
boiled  soap  and  soft  soap.  Lyes  of  not  less  than  18^  B.  are 
used  for  saponification.  The  oil  in  many  respects  resembles 
cotton-seed  oil,  but  has  the  advantage  that  the  soaps  do  not 
show  yellow  stains.  Two  parts  of  peanut  oil  and  3  parts  of 
palm-kernel  oil,  boiled  directly  with  caustic  soda  lyes,  yield 
faultless  wax  grained  soaps.  Beaptiful  half-boiled  soaps  are 
obtained  from  70  per  cent,  of  palm-kernel  oil  and  30  per  cent, 
of  peanut  oil,  with  caustic  soda  lye.  It  is  best  to  boil  in  the 
direct  way,  using  pure  caustic  lye  of  about  24°  B.,  and  after- 
wards reducing  causticity  by  solution  of  soda  or  common  salt. 

As  regards  soft  soaps,  i)eanut  oil  is  especially  adapted  for 
the  manufacture  of  so-called  silver  soap,  or  elai'din  soap,  being 
preferable  for  this  purpose  to  cotton-seed  oil.  For  cold-stirred 
soaps  the  use  of  peanut  oil  is  of  great  advantage.  A  stock, 
for  instance,  of  70  pounds  of  cocoanut  oil,  30  pounds  of  peanut 
oil  and  60  pounds  of  caustic  soda  lye  of  36°  B.  yields  a  product 
superior  in  appearance  to  a  soap  in  which  tallow  is  used 
instead  of  peanut  oil.  Peanut  oil  is  also  well  adapted  for  the 
preparation  of  stock  soaps  for  toilet  soaps.  For  transparent 
glycerin  soaps,  peanut  oil  cannot,  however,  be  substituted  for 
tallow,  as  the  soaps  would  become  too  soft. 
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Castor  oil  is  obtained  from  the  seeds  of  Ricinus  communis, 
originally  indigenous  to  the  East  Indies,  but  now  cultivated 
in  Algiers,  Egypt,  Greece,  Italy  and  America.  The  crushed 
seed  was  formerly  twice  cold  pressed,  and  the  press. cake  was 
then  cut  up,  moistened  with  hot  water,  heated  in  an  oven  and 
subjected  to  a  third  pressure.  However,  the  general  practice 
at  the  present  time  is  to  extract  by  one  pressure,  by  means  of 
a  powerful  press,  the  oil  from  the  crushed  seeds,  so  that  only  5 
to  6  per  cent,  of  it  remains,  in  most  cases,  in  the  press  cake. 
It  has  been  attempted  to  regain  this  oil  by  extraction,  but  the 
process  offers  no  advantage,  as  the  value  of  the  press  cake  as  a 
fertilizer  is  thereby  impaired.  Since  the  poisonous  alkaloid 
Tidny  which  is  contained  in  the  seed,  remains  in  the  'press 
cake,  the  latter  cannot  be  used  for  feeding  purposes. 

The  heavy,  sound  seed  is  selected  for  the  preparation  of 
castor  oil  for  medicinal  use ;  the  oil,  however,  only  becomes 
fit  for  the  purpose  by  clarifying  and  filtering.  Defective  seed 
and  the  residue  from  the  filtration  of  the  first  quality  of  oil 
are  used  for  oil  of  second  quality.  Such  oil  is  partly  used  in 
the  manufacture  of  toilet  soaps.  Another  grade  of  oil  derived 
from  the  foots,  residues,  etc.,  is  of  a  very  dark  color,  and 
frequently  possesses  a  very  disagreeable  odor.  It  is  employed 
for  lubricating  and  for  making  Turkey-red  oil. 

Castor  oil  is  colorless  of  slightly  yellowish,  of  a  mild  taste, 
with  an  acrid  ailer-taste  and  a  slight,  though  not  disagreeable, 
odor.  It  is  chiefly  composed  of  the  glyceride  of  ricinoleic  acid 
and  a  small  quantity  of  stearin  and  palmitin.  Its  specific 
gravity  varies  between  0.95  and  0.97  at  59°  F.  At  32°  F.  it 
deposits  a  white  stearin-like  fat,  and  at  1.4°  to  — 0.4°  F.  con- 
geals to  a  yellowish,  transparent  mass.  American  castor  oil 
frequently  separates  stifle  fat  at  42.5°  F.,  and  congeals  at 
from  14°  to  10.5°  F. 

The  saponification  number  of  castor  oil  is,  according  to 
Valenta,  from  181.0  to  181.5  ;  its  iodine  number  is  84.4,  and 
that  of  the  separated  fatty  acids  86.6  to  83.3.  The  fatty  acids 
melt  at  55.5°  F.,  and  congeal  at  37.5°  F. 
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The  value  of  castor  oil  is  determined  by  the  color  which 
should  be  as  light  as  possible,  and  by  the  odor.  Dark-colored 
oil  has  suffered  from  light  or  air,  and  badly  smelling  oil  has 
been  pressed  from  spoiled  seed  and  residues.  Pure  castor  oil 
does  not  become  rancid  even  if  kept  for  a  long  time. 

The  behavior  of  castor  oil  as  regards  saponification  is  similar 
to  that  of  cocoauut  oil,  it  being  readily  saponified  by  stirring 
together  with  strong  soda  lye.  The  resulting  soap  is  very 
white,  amorphous  and  transparent,  and  quite  hard  even  with 
a  content  of  as  much  as  70  per  cent.  It  possesses  also  the 
property  of  dissolving  in  pure  cold  water  without  rendering 
the  latter  turbid  or  opalescent.  Castor  oil  is  chiefly  used  in 
the  manufacture  of  transparent  soaps. 

Cotton-seed  oil  is  obtained  from  the  seeds  of  the  cotton  plants, 
Oossypium  herbaceumy  G.  arborewm,  O,  barbadense^  and  other 
varieties.  The  seeds  having  been  screened  from  all  dust  and 
foreign  substances  are  freed  from  adhering  cotton  by  passing 
them  through  a  machine  similar  to  a  gin,  only  with  teeth 
placed  more  closely  together.  They  are  then  brought  into 
the  huller,  which  consists  of  a  cylinder  armed  with  steel 
blades,  and  surrounded  about  two-thirds  way  by  a  concave 
box  also  armed  with  corresponding  knives.  The  cylinder 
revolves  at  great  speed,  and  as  the  seeds  are  forced  between 
the  knives  the  pericarps  or  hulls  afe  broken  and  forced  from 
the  kernels.  The  mass  then  falls  into  a  large  revolving  sieve. 
The  kernels,  many  of  which  are  broken  into  fine  pieces,  pass 
through  the  meshes  of  the  sieve  and  the  hulls  are  carried 
away.  The  clean  seeds  are  now  crushed  between  rolls  and  the 
resulting  meal  heated  in  a  pan  until  the  water  it  contains  is 
evaporated.  The  hot  meal  is  then  placed  in  wedge-shaped 
bags  of  woolen  duck,  each  holding  sufiScient  for  a  cake.  The 
bags  are  placed  between  the  sides  of  wrappers  formed  of  woven 
horse-hair  backed  with  corrugated  leather  to  facilitate  the 
escape  of  the  oil,  and  subjected  to  pressure  in  a  hydraulic 
press.  Some  modem  presses  are  so  arranged  as  to  do  away 
with  the  expensive  bags  and  horse-hair  mats. 
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The  process  of  refining  crude  cotton-seed  oil  consists  in 
treating  it,  according  to  its  condition,  with  7  to  15  per  cent, 
of  caustic  soda.  The  lye,  at  a  temperature  of  60*^  F.,  is 
uniformly  distributed  over  the  surface  of  the  oil  by  means  of 
a  perforated  criss-cross  pipe  supported  over  the  surface  of  the 
oil.  During  this  time  the  oil  is  constantly  agitated  by  a 
mechanical  contrivance  or  by  blowing  in  air,  agitation  being 
continued  for  about  half  an  hour,  and  at  the  end  of  that  time 
a  sample  of  the  oil  is  taken  out  and  allowed  to  stand.  If  the 
black,  flocculent  particles  of  soap  formed  by  the  partial  saponi- 
fication of  a  portion  of  the  oil  by  the  soda  lye  settle,  and  the 
oil  is  found  nearly  deprived  of  color,  the  operation  is  then 
terminated.  If  not,  the  agitation  is  continued,  more  lye  being 
added  until  the  desired  discoloration  is  attained.  The  charge 
of  oil  is  then  allowed  to  stand  for  12  to  15  hours  until  the 
*' mucilage,"  or  partially  saponified  portion  of  the  oil,  together 
with  the  liquid  excess  of  lye  used,  has  settled  away.  The 
clear  oil  is  then  run  ofi^  from  the  brown  sediment,  called  soap 
stock,  and  the  refining  completed  by  washing  and  bleaching. 

Crude  cotton-seed  oil  is  thickly  fluid,  twenty  to  thirty  times 
less  fluid  than  water,  and  has  a  specific  gravity  of  0.922  to 
0.930  at  59°  F.  Below  50°  F.  it  commences  to  separate 
palmitin,  and  it  congeals  between  28.5°  and  26.5°  F.  The 
refined  oil  is  of  a  pale  straw  color,  and  its  specific  gravity  is 
from  0.923  to  0.928  at  59°  F.  While,  as  regards  taste  and 
odor,  the  crude  oil  resembles  linseed  oil,  the  refined  product 
has  a  nutty  flavor.  Cotton-seed  oil,  as  to  its  liquid  portions, 
consists  chiefly  of  olein  and  a  small  quantity  of  the  glyceride 
of  liuoleic  acid,  and,  as  to  its  solid  portions,  principally  of 
palmitin  and  perhaps  some  stearin.  The  non-saponifiable 
constituent  amounts,  according  to  Allen  and  Thompson,  to 
1.64  per  cent. 

The  saponification  number  of  cotton-seed  oil  is  191  to  196.5, 
and  that  of  the  fatty  acids  separated  from  it  205.9.  The 
iodine  number  of  the  oil  is  106  to  108.7,  and  that  of  the  fatty 
acids  110.9  to  111.4.  The  fatty  acids  separated  from  it  melt 
at  95.3°  to  101°  F.  and  congeal  at  95°  to  100.4°  F. 
8 
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In  the  United  States  the  crude  cotton-seed  oil  is  used  for 
lubricating  purposes,  as  a  substitute  for  linseed  oil  in  the 
manufacture  of  varnish,  and  in  the  fabrication  of  soap ;  the 
refined  oil  is  employed  as  a  table  oil,  in  the  manufacture  of 
soap,  and  largely  for  the  adulteration  of  other  oils. 

The  crude  oil  saponifies  \i'ith  greater  ease  than  the  refined 
product;  this  being  very  likely  due  to  the  former  containing 
free  fatty  acids  while  the  latter  is  neutral  in  consequence  of  the 
treatment  with  lye  in  refining.  Refined  oil  by  itself  saponifies 
with  difficulty  even  with  strong  lyes,  but  readily  in  combina- 
tion with  fats  which  saponify  with  ease,  such  as  palm-kernel 
oil,  cocoanut  oil,  etc.  By  itself  it  can  only  be  gradually 
brought  to  complete  saponification  by  weak  lyes;  the  resulting 
soap  has,  however,  the  disagreeable  propertj'  of  being  diflScult 
to  salt  out,  and  of  not  completely  yielding  the  excess  of  water, 
even  with  a  large  addition  of  common  salt.  Such  soap  is  so 
soft  and  smeary  that  it  can  be  worked  with  a  shovel,  and,  on 
pressing  in  the  hand,  yields  water.  The  fresh  soap  is  white, 
but  becomes  yellow  after  drying,  and  has  a  peculiar,  bad  odor. 

In  Europe  refined  oil  only  is  used  in  the  manufacture  of 
soap.  It  is  employed  for  hard  and  soft  soaps;  however,  never 
by  itself,  but  always  in  combination  with  other  fats  on  account 
of  its  difficult  saponification  and  the  disagreeable  odor  acquired 
by  pure  cotton-seed  oil  soaps  on  storing.  Soaps  manufactured 
from  a  large  percentage  of  cotton-seed  oil  in  combination  with 
other  fats  also  show  this  disagreeable  odor ;  it  can,  however, 
be  removed  to  some  extent  by  boiling  the  oil  with  soda  lye  of 
25°  B.  before  use. 

Commercial  refined  oil  is  of  a  suflSciently  pale  color  for  most 
soaps  for  which  it  is  used.  Where  a  lighter  color  is  desired 
the  object  can  be  attained  by  treating  the  oil  with  caustic  soda 
lye  or  with  potassium  chromate  and  hydrochloric  acid. 

For  hard  soaps  cotton-seed  oil  is  generally  used  in  combina- 
tion with  palm-kernel  oil  and  cocoanut  oil,  it  possessing  the 
property  of  making  soaps  from  these  oils  soft  and  delicate. 
At  one  time  cotton-seed  oil  was  very  much  liked  for  smooth 
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white  grained  soaps,  but  the  soap-boilers  who  were  first  in 
raptures  over  the  fine  results  attained,  had  soon  cause  for 
regret  when  yellow  stains  made  their  appearance.  These 
yellow  stains  are  due  to  a  yellow,  non-saponifiable,  oleaginous 
body  in  the  oil,  which  is  not  destroyed  by  refining  with  lye, 
and  not  completely  removed  by  repeated  refining.  In  France 
and  Italy  considerable  quantities  of  cotton-seed  oil  are  worked 
in  combination  with  peanut  oil  into  Marseilles  soap,  though 
not  to  the  advantage  of  the  product. 

Cotton-seed  oil  is  also  much  used  for  soft  soaps.  On  account 
of  its  comparatively  large  percentage  of  palmitin  it  cannot  be 
used  in  winter  for  smooth,  transparent  soft  soaps,  as  they 
readily  become  turbid;  in  summer  it  is,  however,  very  suitable 
for  such  soaps,  they  being  more  solid  than  with  the  use  of 
pure  linseed  oil. 

For  smooth  yellow  and  smooth  white  soft  soaps  cotton-seed 
oil  is  well  adapted  and  can  be  used  by  itself.  For  soap  with 
a  silver  luster,  so-called  silver  or  elaidin  soap,  it  must  be 
previously  bleached. 

It  is  also  used  for  figged  soft  soaps,  though  great  care  is 
required  in  not  allowing  any  soda  to  reach  the  soap,  and 
using  only  the  best  high-grade  potash. 

The  property  of  cotton-seed  oil  separating  palmitin  at  a  few 
degrees  above  32®  F.  has  been  utilized  in  the  United  States  to 
obtain  an  oil  containing  little  palmitin,  and,  therefore,  better 
adapted  for  the  adulteration  of  olive  oil  than  the  natural  refined 
oil.  The  separated  solid  fat  is  of  a  lardaceous  consistency,  and 
is  brought  into  commerce  under  the  name  of  "  cotton  stearin  " 
or  "vegetable  stearin."  According  to  Muter,*  it  has  a  specific 
gravity  of  0.912  to  0.915  at  100.5°  F.,  is  completely  soluble 
in  ether  and  hot  absolute  alcohol,  and  by  saponification  yields 
95.5  per  cent,  of  fatty  acids  belonging  to  those  insoluble  in 
water.  Though  the  fat  becomes  completely  liquid  only  at 
89.5°  F.,  the  melted  fat  does  not  recongeal  after  cooling,  but 

*  SeifeDfabrikant.  1S82.    8.411. 
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forms  a  yellow  oil,  which  only  acquires  its  original  consisteucy 
by  long  cooling  at  about  40°  F. 

Cotton  stearin  shows  the  same  disagreeable  properties  in 
saponifying  as  cotton-seed  oil,  while  soaps  prepared  from  it 
show  yellow  stains  and  acquire  a  disagreeable  odor  on  storing. 

Almond  oil. — ^The  fat  almond  oil  found  in  commerce  is 
generally  obtained  from  small  bitter  almonds,  peach  and 
apricot  kernels,  and  fragments  of  sweet  almonds.  It  is  lim- 
pid, thinly  fluid,  slightly  yellowish,  nearly  inodorous,  of  a 
pleasant,  mild  taste,  and  belongs  to  the  non-drying  oils.  Its 
specific  gravity  is  0.915  to  0.920  at  59°  F.  The  actual  almond 
oil  congeals  at  4°  F.,  peach-kernel  oil  at  0.4°  F.,  and  apricot- 
kernel  oil  at  about  7°  F. 

Nearly  all  the  almond  oil  found  in  commerce  is  cold- 
pressed.  The  almonds  are  crushed  with  edge  runners,  sifted 
and  bolted,  and  the  resulting  fine  meal  is  subjected  to  hy- 
draulic pressure.  The  press  cake  is  as  a  rule  reconverted  into 
meal  and  again  pressed,  though  in  doing  this  the  mass  is 
seldom  heated.  Oils  of  an  inferior  grade  are  prepared  from 
defective  almonds,  or  are  adulterated.  The  press  cake  ground 
and  finely  pulverized  forms  what  is  known  as  almond  meal. 

The  finest  qualities  of  almond  oil  are  used  for  medicinal 
purposes,  and  others,  if  of  a  good  and  pure  taste,  for  mixing 
with  table  oils.  Inferior  qualities  are  io  demand  for  technical 
purposes,  particularly  for  the  preparation  of  toilet  soap.  A 
soap  from  three-fourths  cocoanut  and  one-fourth  almond  oil 
is  very  hard  and  solid  and  an  excellent  toilet  soap.  Almond 
oil  can  be  saponified  in  the  cold  way. 

Linaeed'Oil  is  obtained  from  the  seeds  of  the  flax-plant,  Linum 
U8iUatimmum  L.,  by  pressure  and  the  aid  of  heat.  Ripe  seed 
contains  30  to  85  per  cent,  of  oil  and  that  not  thoroughly 
matured,  less.  Commercial  seed  yields  on  an  average  22  per 
cent,  of  oil.  Cold-drawn  linseed-oil  is  nearly  colorless;  hot- 
pressed  oil  has  a  golden-yellow  color  changing  to  brown  with 
age. 

Linseed-oil  has  a  peculiar  odor  and  possesses  the  most  dry- 
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ing  properties  of  all  known  oils.  On  exposure  to  the  air  it 
eagerly  absorbs  oxygen,  soon  becoming  rancid  and  thickly- 
fluid  ;  in  a  thin  layer  it  dries  to  a  neutral  body  insoluble  in 
ether.  It  has  a  specific  gravity  of  0.930  to  0.935  at  59°  F., 
and  congeals  to  a  solid  yellow  mass  at  about — 16.5°  F.  The 
fatty  acids  separated  from  linseed  oil  melt  at  from  52°  to 
62.5°  F.,  and  congeal  at  about  55.5°  F.  The  saponification 
number  is  189  to  195,  the  iodine  number  132  to  180,  and 
the  iodine  number  of  the  separated  fatty  acids  179  to  182. 
The  chemical  composition  of  linseed  oil  has  not  yet  been  satis- 
factorily determined.  It  contains  but  small  quantities  of 
glycerides  of  solid  fatty  acids,  palmitin  and  myristin,  while 
the  fluid  portion  which  amounts  to  about  90  per  cent,  very 
likely  consists  of  the  glycerides  of  linoleic,  linolenic,  isolin- 
oleic  and  oleic  acids. 

There  are  frequent  complaints  about  the  adulteration  of 
linseed  oil.  The  sureist  way  of  testing  the  oil  as  to  its  purity 
is  the  determination  of  the  iodine  number,  that  of  linseed  oil 
being  the  highest  of  all  known  oils.  A  very  simple  test  is  to 
expose  the  oil  to  a  low  temperature;  if  it  separates  solid  fat  at 
a  few  degrees  below  32°  F.,  or  congeals,  it  is  not  pure. 

Linseed  oil  is  largely  employed  in  Geimany  in  the  manu- 
facture of  soft  soaps,  and  it  is  well  adapted  for  both  winter  and 
summer  soaps.  Potash  soap  from  pure  linseed  oil  does  not 
freeze  even  on  exposure  to  the  coldest  weather  occurring  in 
this  country.  For  summer  soft  soap  it  is  recommended  not  to 
use  linseed  oil  by  itself,  but  to  add  some  oleic  acid  or  cotton- 
seed oil.  For  the  transparent,  pale  soft  soaps  so  much  in 
demand  at  the  present  time  the  linseed  oil  has  to  be  bleached. 
A  pale  oil  may  be  used  without  bleaching  by  thoroughly 
boiling  in  a  lye  of  23.5°  to  26.5°  B.  This  must,  however,  be 
determined  by  experiment,  because  a  pale  linseed  oil  cannot 
be  well  defined.  An  oil  may  appear  pale  and  clear,  but  when 
it  is  boiled  the  soap  rapidly  becomes  darker  in  color,  while 
another  oil  of  the  same  appearance  will  give  a  soap  that  will 
remain  pale. 
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A  dark  brownish  linseed  oil,  which  is  not  decolorized  by 
lye,  cannot  be  improved  by  the  use  of  potassium  dichromate 
and  acid.  Oil  of  a  greenish  tinge  generally  bleaches  very 
light  with  dichromate  and  acid.  Generally  speaking,  linseed 
oil  saponifies  with  ease.  Oil  bleached  with  lye,  being  entirely 
neutral,  is  somewhat  more  difficult  to  saponify  than  crude 
oil  or  that  bleached  with  dichromate  and  acid.  It  should 
further  be  borne  in  mind  that  a  thinly-fluid  oil  like  linseed 
oil  requires  lyes  of  greater  causticity  than  an  oil  containing 
more  solid  constituents,  as  otherwise  the  soap  turns  out  too 
soft.  An  advantage  of  linseed  oil  is  that  many  distilled 
oleins,  which  by  themselves  do  not  yield  a  serviceable  soap, 
can  be  worked  in  combination  with  it. 

Cameline  oil  or  German  sesame  oil  is  obtained  by  expression 
from  the  seeds  of  the  gold-pleasure,  Cameliiia  sativa,  Cez.,  or 
Myagrura  sativum^  L.,  natural  order  Crudferse.  It  is  golden-, 
yellow,  has  slight  drying  properties,  and  a  peculiar  taste  and 
odor.  Its  specific  gravity  is  0.925  to  0.930  at  59°  F.;  it  con- 
geals  at  — 0.4°  F.  Cameline  oil,  being  produced  in  compara- 
tively small  quantitives,  is  of  but  little  importance,  though  it 
is,  well  adapted  for  the  fabrication  of  soft  soaps  which  do  not 
freeze  even  on  exposure  to  great  cold.  Barrel  soaps  from 
cameline  oil  can  scarcely  be  kept  in  summer,  as  they  melt 
below  68°  F. 

Niger  oil  is  obtained  from  the  seeds  of  Guizotia  oleijeraj 
D.  C,  cultivated  in  India.  Large  quantities  of  seed  are 
shipped  from  Bombay  to  England,  where  they  are  expressed. 
The  oil  is  of  a  yellowish  color  and  a  mild  and  nutty  taste  and 
odor.  It  has  a  specific  gravity  of  0.924  at  59°  F.,  thickens  at 
17.5°  F.,  forms  a  transparent  yellowish  mass  at  14°  F.,  and  a 
solid  whitish  mass  at  5°  F.  In  England  it  is  much  used  in 
the  manufacture  of  soap. 

Modi-oil  is  obtained  from  the  seeds  of  Madia  mtiva,  Mdt, 
natural  order  CompoMas,  indigenous  to  Chili.  Experiments 
in  cultivating  the  plant  in  France  and  Southern  Germany 
proved  a  failure.     The  oil  is  dark  yellow  and  has  a  peculiar. 
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though  not  disagreeable,  odor  and  taste.  Its  specific  gravity 
is  0.928  to  0.935 ;  it  congeals,  according  to  Winckler,  at  be- 
tween 14°  and  12°  F.,  and,  according  to  Riegel,  at— 13°  F. 
With  soda  lye  it  yields  a  firm,  inodorous  soap. 

Hemp-seed  oil  is  expressed  from  the  seeds  of  CanaMs  mtiva, 
L.  Large  quantities  of  the  oil  are  brought  into  commerce 
from  the  Russian  Baltic  provinces.  It  has  a  strong  odor  and 
a  sickly  taste.  When  fresh  it  is  of  a  greenish-yellow  color, 
but  becomes  brown-yellow  with  time.  Its  specific  gravity  is 
0.925  to  0.931  at  59°  F.;  it  thickens  at  5°  F.  and  concretes 
at — 16.5°  F.  The  melting-point  of  the  separated  fatty  acids 
is  at  66°  F.  and  their  cougealing-point  at  59°  F.  The  sapo- 
nification number  of  the  oil  is,  according  to  Valenta,  193.1; 
the  iodine  number,  according  to  Hiibl,  143  ;  and  that  of  the 
separated  fatty  acids,  according  to  Morawski  and  Demski, 
122.2  to  125.2.  In  boiling  alcohol  hemp-seed  oil  dissolves  in 
all  proportions ;  of  cold  alcohol  it  requires  30  parts.  A  solu- 
tion of  12  parts  in  boiling  alcohol,  on  cooling,  separates  stearin. 
Hemp-seed  oil  has  strong  drying  properties.  It  was  formerly 
much  used  in  the  fabrication  of  soft  soaps  which  have  a  dark 
green  color  and  can  be  submitted  to  intense  cold  without 
solidifying.  The  green  soft  soaps  found  at  present  in  com- 
merce are  mostly  artificially  colored  linseed-oil  soaps. 

Sunflower-oiL — ^This  oil,  obtained  by  expression  from  the 
seeds  of  several  species  of  HelianthuSj  is  chiefly  brought  into 
commerce  from  Russia.  It  is  limpid,  pale  yellow,  dries  slowly, 
and,  when  cold-drawn,  has  an  agreeable  odor  and  mild  taste. 
Its  specific  gravity  is  0.924  to  0.926;  it  congeals  at  about 
3°  F.  The  separated  fatty  acids  melt  at  73.5°  F.  and  congeal 
at  62.5°  F. 

At  the  present  time  the  larger  part  of  the  oil  is  consumed 
in  Russia  itself,  where  the  cold-drawn  oil  is  used  as  table-oil, 
and  the  hot-pressed  in  the  manufacture  of  varnish  and  soap. 
Considerable  quantities  were  formerly  exported  and  were 
readily  taken  by  soap  boilers  and  used  for  bar  soap  and  soft 
soap. 
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Corn-oil, — Maize  or  Indian  com,  the  seed  of  Zea  Mais  con- 
tains 6  to  9  per  cent,  of  oil,  the  latter  being  contained  chiefly 
in  the  germ  of  the  grain.  The  oil  is  not  obtained  by  direct 
expression,  but  as  a  by-product,  chiefly  in  the  manufacture  of 
starch  and  glucose.  The  hulls  are  loosened  by  steeping  the 
corn  for  several  days  in  water  at  175°  F.,  to  which  sulphuric 
acid  has  been  added  to  prevent  fermentation.  The  softened 
kernels  are  crushed  between  rollers  and  the  broken  grain  is 
then  by  means  of  a  special  apparatus,  called  a  degerminator, 
separated  into  starch,  hulls  and  germs.  The  latter  float  upon 
the  surface  of  the  water  and,  after  being  removed  and  dried, 
are  formed  into  cakes.  The  latter  are  subjected  to  pressure 
in  a  hydraulic  press,  whereby  about  15  per  cent,  of  a  quite 
thickly-fluid  oil  of  a  pale  yellow  to  gold-yellow  color  and  an 
agreeable  taste  and  odor  is  obtained.  It  has  a  specific  gravity 
of  0.9215  at  59*^  F.,  and  congeals  at  14  to  15°  F.  to  a  quite 
solid  white  mass.  The  saponification  number  of  the  oil  is 
188.1  to  189.2,  and  that  of  the  separated  fatty  acids  198.4 ; 
the  iodine  number  of  the  oil  is  119.4  to  119.9,  and  that  of  the 
fatty  acids  125.0.  The  oil  shows  no  absorption  of  oxygen  and 
contains  1.35  to  1.55  per  cent,  non-saponifiable  substance.  It 
is  quite  soluble  in  acetone ;  only  slightly  so  in  alcohol  and 
glacial  acetic  acid< 

Poppy-seed  oil  is  extracted  by  expression  from  the  seeds  of 
Papaver  somniferum.  It  has  a  slight  odor  and  mild  taste ;  is 
nearly  colorless  or  pale  golden-yellow,  and  limpid.  The  oil  of 
the  second  pressure  is  darker.  Poppy -seed  oil  has  a  specific 
gravity  of  0.924  to  0.937  at  59°  F.  and  congeals  at  —0.4°  F. 
The  separated  fatty  acids  melt  at  69°  F.  and  congeal  at  62° 
F.  The  saponification  number  is  192.8  to  194.6  ;  the  iodine 
number  134  to  136. 

Poppy-seed  oil  is  chiefly  used  as  a  table  oil  and  in  oil 
painting.  On  account  of  its  high  price  it  is  not  much  used 
in  the  fabrication  of  soap  ;  the  thick  foots  serve  for  the  fabri- 
cation of  soft  soaps. 

Rape  oil  {colza  oil)  is  obtained  from  varieties  of  Brassica 
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campegtriSf  the  seeds  being  crushed*,  heated  and  pressed  after 
the  naanner  of  cotton  seed.  The  specific  gravity  of  the  oil 
ranges  between  0.9128  and  0.9175  at  59°  F.,  and  the  congeal- 
ing point  between  28.5°  and  14°  F.  The  saponification 
number  is  177  to  179,  the  iodine  number  100  to  103.6,  and 
that  of  the  separated  fatty  acids  96.3  to  99.02.  Rape  oil 
consists  chiefly  of  the  glycerides  of  oleic,  stearic  and  brassic 
acids,  and  contains,  according  to  Allen  and  Thompson,  one 
per  cent!  of  non-saponifiable  substance.  Its  color  is  pale  to 
dark  brown-yellow.  When  fresh  it  is  almost  inodorous,  but 
by  age  acquires  a  peculiar  odor.  It  becomes  gummy  on 
exposure  to  air,  but  does  not  actually  dry.  It  is  but  seldom 
used  in  the  manufacture  of  soap,  with  the  exception  of  the 
foots,  which  are  frequently  utilized  for  soft  soap.  They 
saponify  with  difficulty,  and  the  soft  soaps  prepared  from  them 
break  up  at  a  moderately  cold  temperature.  With  soda  lye, 
rape  oil  yields  a  crumbly  soap  of  poor  quality. 

Utilization  of  foots, — Large  lots  of  foots  or  sediment  accumu- 
lated in  oil  reservoirs  are  frequently  offered  to  soap-boilers. 
This  material  generally  constitutes  a  dark  and  smeary,  or 
sometimes,  a  lardaceous  solid  mass.  It  is  suitable  for  the 
manufacture  of  soft  soaps  as  well  as  of  bar  soaps,  which  are 
valuable  for  milling.  It  may  also  be  used  for  rosined  soaps, 
the  strong  odor  which  generally  adheres  to  it  being  then  im- 
mediately covered  by  that  of  the  rosin.  Foots  are  worked  in 
various  ways ;  some  boil  them  to  grain  and  add  a  small 
quantity  of  the  resulting  soap  to  each  boiling  of  soap,  while 
others  add  a  small  quantity  of  the  foots  directly  to  the  soap- 
stock,  which  can  be  very  well  done,  for  instance,  with  half- 
boiled  soap.  It  depends,  however,  more  or  less,  on  whether 
the  foots  are  comparatively  pure  and  not  too  old.  Another 
method  yielding  an  excellent  product  consists  in  boiling  the 
foots  upon  strong  brine  until  the  clear  oil  free  from  scum  floats 
on  top.  One  thousand  pounds  of  this  oil  are  brought  into  an 
open  kettle,  together  with  800  pounds  of  water  and  60  pounds 
of  common  salt,  and  boiled  10  to  12  hours.     The  kettle  is 
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then  allowed  to  stand  uncovered  for  24  hours,  when  the  clear 
oil  on  the  top  is  drawn  off.  Beneath  the  clear  oil  is  a  layer 
of  slime  mixed  with  hulls  of  seed,  etc.  The  oil  retained  by 
this  is  gradually  separated  by  iBlling  petroleum  barrels  halt 
full  with  this  slime,  adding  brine,  and  after  covering  the 
barrels  exposing  them  to  the  sun.  This  process  is  still  better 
if  executed  with  steam. 

FATTY  ACIDS  AND  ROSIN. 

Fatty  adds. — The  employment  of  fatty  acids  for  the  prepa- 
ration of  soap  may  be  said  to  date  from  the  manufacture  of 
stearin.  When  the  latter  industry  sprung  into  existence  and 
crude  oleic  acid  was  obtained  as  a  by-product,  it  was  en- 
deavored to  utilize  the  latter  primarily  for  the  manufacture 
of  soap.  In  fact,  the  patent  granted,  in  1825,  to  Gay-Lussac 
and  Chevreul,  for  the  separation  of  fatty  acids  and  their  ap- 
plication to  the  manufacture  of  candles,  contains  the  following 
specification  :  *'  The  liquid  bodies  separated  are  to  be  converted 
into  soap."  ^ 

The  crude  oleic  acid  of  stearin  manufactories  was  for  a  long 
time  the  only  fatty  acid  used  in  the  preparation  of  soap.  The 
fatty  acids  regained  from  the  wash  waters  of  cloth  mills  and 
other  textile  industries  were  next  brought  into  commerce 
under  the  name  of  **  fuller's  fat."  Later  on,  the  high  price  of 
glycerin  induced  a  number  of  stearin  manufacturers  to  sapon- 
ify neutral  fats  in  order  to  obtain  the  glycerin,  and  to  sell  the 
fatty  acids  to  the  soap  boiler.  In  this  way  fatty  acids  of  palm 
oil,  palm-kernel  oil,  olive  oil  and  bone  fat  came  into  com- 
merce. They  were  no  doubt  prepared  by  first  saponifying  the 
fats  in  autoclaves  and  then  distilling  the  fatty  acids  with 
superheated  steam  to  give  them  a  fine  white  appearance. 
Another'  fatty  acid,  known  as  rapolein  was  for  some  time 
offered  to  soap  boilers.  It  formed  a  clear,  dark  red,  nearly 
inodorous  oil,  and  was  very  likely  prepared  from  residues 

*  Brevets  d'  invention  41,  p.  392. 
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obtained  iu  refining  oil.  It  was  well  adapted,  either  by  itself 
or  in  combination  with  linseed  oil,  for  the  manufacture  of 
summer  soft  soaps  where  no  objection  was  made  to  their  brown 
color. 

The  above-mentioned  rise  in  the  price  of  glycerin  has  in- 
duced many  soap  manufacturers  to  instal  autoclave-saponifi- 
cation  in  order  to  withdraw  from  the  fats  the  glycerin  before 
working  them  into  soap.  Since,  however,  the  installation  of 
autoclaves  is  connected  with  considerable  expense,  many  soap 
manufacturers  prefer  the  fermentation-process  of  splitting  the 
fats  which  can  be  installed  at  much  less  cost. 

As  regards  the  fatty  acids  obtained  by  the  various  processes 
of  saponification,  it  may  be  said  tbat  those  gained  by  aut(»- 
clave  saponification,  especially  those  from  cocoanut  oil  and 
palm-kernel  oil,  are  as  light  in  color  as  the  original  neutral 
fats,  while  other  fats,  such  as  bone  fat,  linseed,  peanut  and 
cotton-seed  oils  suflTer  in  color  so  that  the  respective  fatty  acids 
cannot  be  used  when  a  light  color  is  of  importance.  More- 
over all  fatty  acids  oxidize  when  for  some  time  exposed  to  tlie 
air,  and  then  yield  dark  soaps.  For  this  reason  it  is  advisable 
to  convert  them  as  soon  as  possible  after  they  have  been  ob- 
tained into  soap. 

The  fermentative  proce^  of  splitting  of  fats  yields  very  fine 
fatty  acids  of  a  light  color  and  for  this  reason  is  preferable  to 
the  older  autoclave-saponification. 

Twitchell's  process  gives  very  good  results,  fatty  acids  of  a 
very  high  percentage  and  accordingly  large  yields  of  glycerin 
being  thereby  obtained.  Complaints  are  frequently  heard 
that  soaps  made  from  fatty  acids  produced  by  this  method, 
become,  in  time,  considerably  darker.  This  is  very  likely 
due  to  the  fact  that  Twitchell's  instructions  to  work  during 
the  splitting  under  complete  exclusion  of  the  air  are  not 
strictly  followed. 

Of  the  above-mentioned  acids  it  will  only  be  necessary  to 
discuss  more  fully  the  oleic  acid,  also  called  olein  or  elain,  of 
the  stearin  factories,  and  fuller's  fat. 
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Olein, — In  the  manufacture  of  stearin  the  fat,  as  previously 
mentioned,  is  saponified  for  the  separation  of  the  glycerin,  and 
the  resulting  mixture  of  fatty  acid  is  separated  by  pressure 
into  a  solid  and  a  liquid  portion.  The  cakes  obtained  by  the 
first  cold  pressure  are  again  subjected  to  a  second  warm  pres- 
•  sure.  The  resulting  solid  white  mass  is  known  as  "  stearin," 
though  scientifically  the  term  is  incorrect,  since  the  product 
is  not  the  glyceride  of  stearic  acid,  but  essentially  a  mixture 
of  stearic  and  palmitic  acids. 

The  liquid  portion  running  oflF  by  the  first  cold  pressure  is 
"  oleic  acid,"  which,  however,  contains  a  considerable  quantity 
of  stearic  and  palmitic  acids,  and,  with  previous  autoclave 
saponification,  some  dissolved  neutral  fat.  By  long  storing  in 
a  cool  cellar,  or  better,  by  cooling  with  a  cold-air  machine, 
the  greater  portion  of  the  solid  fatty  acids  separates  out  and  is 
extracted  by  a  filter-press  or  other  filtering  arrangement. 
The  finally  resulting  clear,  oleaginous  fluid  forms  the  so-called 
olein  or  elain.  In  commerce  a  distinction  is  made  between 
**  saponified  "  and  **  distilled  "  olein,  the  latter  being  less  suit- 
able for  soap-making  purposes  than  the  former.  To  fully 
understand  this  distinction  it  must  be  borne  in  mind  that  in 
the  fabrication  of  stearin  several  methods  are  employed  for 
the  saponification  of  the  fats,  chiefly  the  so-called  autoclave 
process,  and  acid  saponification  and  subsequent  distillation. 
Saponification  by  means  of  lime  in  an  open  vessel,  which  is 
the  oldest  method,  has  been  entirely  abandoned,  chiefly  on 
account  of  the  cost  of  the  large  quantity  of  sulphuric  acid 
required  for  the  decomposition  of  the  lime-soap  formed.  It 
has  the  further  drawback  of  the  glycerin  being  obtained  in 
such  dilute  solution  as  to  scarcely  act  upon  the  hydrometer. 
Autoclave-saponification,  i.  e,,  saponification  in  a  closed  vessel 
under  pressure  with  2  to  4  per  cent,  of  lime,  or  1  to  2  per 
cent,  magnesia  is  at  the  present  time  the  actual  source  of 
saponified  glycerin.  For  the  separation  of  the  lime  or  mag- 
nesia sulphuric  acid  is  also  used,  but  as  a  smaller  quantity  of 
these  bases  is  employed  than  in  ordinary  lime-saponification. 
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less  acid  is  required  for  the  decomposition  of  the  lime-soap  or 
maguesia-soap. 

In  stearin  factories  acid-saponification  is  effected  by  bring- 
ing the  heated  fat,  for  a  shorter  or  longer  period,  in  contact 
with  more  or  less  concentrated  sulphuric  acid,  and  then  boil- 
ing for  some  lime  with  water  and  steam.  After  shutting  oft 
the  steam  the  whole  is  allowed  to  rest  for  a  while.  The  fatty 
acid  mixture  separates  on  the  top;  the  water  beneath  it  con- 
tains the  glycerin  and  sulphuric  acid  in  solution.  This  lower 
aqueous  layer  is  removed  and  the  fatty  acid  mixture  again 
boiled  with  water  and  steam.  The  steam  is  then  shut  off,  and 
the  whole  allowed  to  rest  for  some  time.  When  all  the  fatty 
acids  have  collected  on  top,  they  are  lifted  off  and  subjected 
to  distillation  by  superheated  steam.  By  the  repeated  boiling 
with  water  and  steam  the  sulphuric  acid  is,  as  a  rule,  com- 
pletely removed  from  the  fatty  acids,  and  the  latter  are  free 
from  it  when  subjected  to  distillation.  But  even  if  they  should 
still  contain  acid  none  of  it  would  be  found  in  the  oleic  acid 
as  it  would  at  all  events  be  removed  in  the  further  process  of 
manufacture.  The  opinion  held  by  many  soap  boilers  that 
the  defective  quality  of  distilled  oleic  acid  is  due  to  a  content  of 
sulphuric  acid  may  therefore  be  regarded  as  erroneous.  How- 
ever, the  question  remains.  What  has  brought  distilled  oleic 
acid  into  disrepute?  It  was  formerly  generally  held  that  the 
defects  were  due  to  distillation,  as  oleic  acid  could  not  be 
distilled  without  suffering  decomposition.  This  opinion  has, 
however,  been  refuted  by  Bolley  and  Bergmann's  investiga- 
tions. They  found  that  oleic  acid  distils  over  unaltered  in  a 
current  of  steam  of  482°  F.,  but  that  products  of  decomposi- 
tion make  their ,  appearance  at  a  higher  temperature.  In 
many  stearin  manufactories  distillation  is  carried  on  at  too 
high  a  temperature,  they  being  forced  to  do  this  on  account 
of  the  fat  not  being  completely  saponified  and  containing  too 
much  neutral  fat.  The  poor  quality  of  distilled  oleic  acid 
may,  therefore,  be  due  to  products  of  decomposition  formed 
under  the  influence  of  too  high  a.  temperature,  and  also  to  a 
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content  of  non-saponifiable  products  originating  from  the  treat- 
ment of  the  fat  with  sulphuric  acid. 

Formerly,  when  acid-saponification  was  generally  carried  on 
by  allowing  large  quantities  of  concentrated  sulphuric  acid  to 
act  a  long  time  upon  the  fats,  a  portion  of  the  oleic  acid  was 
always  destroyed,  while  the  remainder  was  so  changed  as  to 
render  it  almost  unfit  for  the  manufacture  of  soap.  Besides, 
the  oleic  acid  always  contained  a  considerable  quantity  of 
non-saponifiable,  paraflSn-like  combinations  (hydrocarbons). 
But  this  has  been  changed  since  experience  has  taught  that 
fats  can  be  saponified  by  leaving  them  a  very  short  time  in 
contact  with  concentrated  sulphuric  acid  and  completing  sa- 
ponification by  boiling  with  water  acidulated  with  sulphuric 
acid.  Stearin  manufacturers  using  this  process  of  acid-sapon- 
ification now  furnish  olein  suitable  for  soap-making  purposes. 
It  may  be  even  said  that  the  greater  part  of  the  so-called 
saponified  olein  at  present  found  in  commerce  is  actually 
distilled,  as  many  factories  saponifying  in  autoclaves  subse- 
quently slightly  acidulate  the  fatty  acids  obtained  and  submit 
them  to  distillation.  With  many  samples  of  olein  it  is,  there- 
fore, almost  impossible  to  decide  by  which  process  of  saponi- 
fication they  originated,  while  others  by  their  acrid  odor  at 
once  indicate  their  production  by  distillation. 

The  best  means  of  examining  olein  is  to  test  it  in  regard  to 
its  saponifying  ability,  i,  e.,  to  determine  how  much  non-sa- 
ponifiable substance  it  contains.  This  is  done  in  exactly  the 
same  manner  as  examining  for  mineral-oils  or  rosin-oils  (see 
page  69).  Saponify  the  olein  with  alcoholic  soda  lye,  mix 
the  resulting  soap  with  sand,  evaporate  the  alcohol  on  a  water- 
bath,  wash  the  residue  with  petroleum  spirit,  and  remove  the 
latter  from  the  extract  by  evaporating  at  122*^  F.  The  resi- 
due gives  the  non-saponifiable,  paraflTin-like  combinations. 

A  method  somewhat  less  exact,  but  sufficiently  accurate  for 
technical  purposes,  is  by  directly  determining  by  titration  the 
quantity  of  saponifiable  substance.  Oleic  acid  requires  for 
saturation  19.00  per  cent,  of  potassium  hydroxide,  and  as  pal- 
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mitic  acid  requires  20.84  per  cent,  and  stearic  acid  18.87  per 
cent.,  we  will  not  be  far  wrong  in  assuming  19  per  cent,  for 
olein.  Mix  1  gramme  of  olein  with  20  to  25  cubic  centimeters 
of  alcohol,  color  the  mixture  yellow  with  a  few  drops  of  phenol- 
phthalein,  and  titrate  with  potash  lye  containing  19  grammes 
of  potassium  hydroxide  to  the  litre,  until  the  appearance  of  a 
red  coloration.  If  the  olein  consisted  of  pure  oleic  acid  1 
gramme  of  it  would  require  exactly  10  grammes  of  this  lye 
for  saturation.  Sueh  olein  is,  however,  not  found  in  com- 
merce, it  containing  at  the  utmost  97  to  98  per  cent,  saponifi- 
able  substance.  It  would,  therefore,  require  9.7  or  9.8  cubic 
centimeters  of  the  lye  so  that  0.1  cubic  centimeter  always 
corresponds  to  1  per  cent,  oleic  acid.  Olein  containing  less 
than  95  per  cent,  of  saponifiable  substance  cannot  be  called 
good,  though  products  with  more  than  20  per  cent,  of  non- 
saponifiable  substance  are  found  in  commerce. 

Olein  is  used  for  grained  soap,  smooth  olein  soap  and,  in 
connection  with  linseed  oil,  for  transparent  soft  soap.  How-' 
ever,  the  latter  having  a  brown  color,  the  demand  for  it  has 
much  fallen  off  since  the  introduction  of  the  light-colored  soft 
soaps.  Olein  is  much  liked  for  textile  soaps.  Hard  olein 
soaps  are  frequently  used  in  place  of  olive  oil  soaps. 

The  fatty  acid  mixture  separated  from  the  press  cakes  by 
hot  pressure  in  stearin  factories  is  of  a  lardaceous  consistency, 
and  is  generally  known  as  soft  fat  or  margarin.  It  is  generally 
added  to  crude  fatty  acids  before  subjecting  them  to  pressure, 
though  it  is  sometimes  worked  into  soap.  It  yields  verj'  good 
grained  soap,  but  is  also  very  suitable  for  smooth  olein  soaps: 

Under  the  name  of  white  elain,  a  white  fatty  acid  of  lardace* 
ous  consistency  is  brought  into  commerce  from  Holland.  As 
the  fat  is  of  a  pure  white  color  it  cannot  have  been  obtained 
direct  from  the  press  but  must  have  been  once  more  subjected 
to  distillation  with  super-heated  steam.  At  one  time,  when 
the  price  of  tallow  ruled  very  high,  it  was  frequently  employed, 
in  connection  with  cocoanut  oil  and  palm  kernel  oil,  in  the 
manufacture  of  white  grained  soap.     This  white  elain  must 
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not  be  confounded  with  the  solid  white  olein  which  will  be 
referred  to  under  fuller's  fat. 

Fuller^B  fat, — Under  this  term  is  understood  the  fatty  sub- 
stances recovered  from  the  soap  waters  of  cloth  manufactories, 
spinning  establishments,  dye  houses,  etc.  The  process  for  the 
recovery  of  these  fatty  substances  that  is  usually  adopted  is  as 
follows : 

The  soap  water  is  conducted  into  reservoirs  of  pine  wood. 
Such  a  reservoir  is  about  9  feet  long,  b\  feet  wide  and  5  feet 
deep,  and  holds  about  1850  gallons.  Sulphuric  acid  is  added, 
and,  in  order  to  hasten  separation,  steam  is  introduced  for  from 
1  to  2  hours.  The  quantity  of  sulphuric  acid  to  be  used  de- 
pends chiefly  on  the  amount  of  alkali  in  the  soap  water ;  a 
slight  excess  is,  however,  always  allowed,  since  by  it  a  quicker 
and  more  complete  separation  and,  in  consequence  thereof,  a 
more  compact  mass  is  obtained.  On  an  average  55  pounds 
of  sulphuric  acid  of  66^  Baum6  suffice  for  the  complete  decom- 
•position  of  1850  gallons  of  soap  water,  and  will  yield,  accord- 
ing to  the  time  allowed  for  draining  off  in  the  filtering  basins, 
from  430  to  450  pounds  of  fatty  matter.  The  filtering  vessels 
consist  of  baskets  lined  with  coarse  hemp  cloth.  When  the 
caseous,  doughy  mass  is  suflQciently  drained  off  and  has  ac- 
quired the  plastic  consistency  required  for  forming  it  into 
press  cakes,  it  is  wrapped  up  in  hemp  cloths  and  in  the  usual 
way  laid  between  plates  in  a  hydraulic  press  and  pressed,  at 
first  cold,  and  later  on  with  admission  of  steam,  until  the  fluid 
contents  are  completely  exhausted.  A  solid  residue,  about 
one-half  of  the  mass,  remains  in  the  press  cloths,  while  an 
equal  quantity  of  watery  fat  runs  into  the  reservoir.  This  is 
also  reduced  to  about  one-half  its  weight  by  the  various 
operations  of  the  refining  process,  so  that  the  average  yield 
will  be  about  25  per  cent,  of  salable  fuller's  fat. 

The  crude  fat  in  the  press  reservoirs  has  to  be  purified  and 
freed  from  water.  For  the  purpose  of  purifying,  the  fat  is 
placed  in  copper  tanks  3}  feet  in  diameter  and.  5  feet  deep, 
which  are  fixed  in  iron  casings.     According  to  the  greater  or 
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lesser  purity  of  the  fat,  i  or  J  of  its  volume  of  water  and  2  to 
3  per  cent,  of  its  weight  of  sulphuric  acid  of  66°  B.  are  added, 
and  the  whole  is  heated  hv  direct  introduction  of  steam  to 
moderate  boiling,  which  is  kept  up  for  one  hour.  The  steam 
is  then  cut  off,  the  mass  allowed  to  settle  for  a  few*  hours, 
and  the  lower  turbid  and  slimy  stratum  drawn  off.  The 
liquid  running  off  is  replaced  by  an  equal  quantity  of  pure 
water,  and  the  whole  heated  to  moderate  boiling  in  order  to 
remove  adhering  sulphuric  acid.  The  whole  is  next  allowed 
to  settle  for  12  hours.  The  watery  layer  is  then  removed  and 
the  clear  mass  of  fat  drawn  off.  The  fat  thus  obtained  still 
contains  a  considerable  quantity  of  water,  and  is  freed  from  it 
by  bringing  it  into  a  kettle  provided  with  a  copper  or  iron 
coil  through  which  steam  circulates. 

The  fat  thus  obtained  forms  a  thickly  fluid,  oily  mass  of  a 
brown  to  black  color  and  disagreeable  odor.  Abroad  it  is  to 
a  considerable  extent  used  in  the  manufacture  of  soap,  though 
never  by  itself,  but  always  in  combination  with  other  fats, 
especially  with  palm-kernel  oil  and  rosin.  It  is  much  liked 
for  textile  soaps.  It  readily  saponifies  with  lye  of  18  to  24° 
B.  It  must,  however,  be  strongly  salted  out,  and  it  is  best  to 
boil  it  upon  a  second  water,  whereby  it  yields  a  good  grained 
soap  with  fair  washing  power. 

Fuller's  fat  consists  chiefly  of  fatty  acids,  and  can  readily 
be  distilled  with  superheated  steam.  The  fat  thus  refined  is 
commercially  known  as  solid  white  olein.  It  readily  saponifies 
with  lye  of  20  to  25°  B.,  and  yields  a  nice,  firm  grained  soap 
of  a  silvery  luster  and  good  odor. 

Working  fatty  adds, — The  use  of  fatty  acids  for  soap  is  based 
upon  a  much  more  simple  chemical  process  than  that  which 
takes  place  in  the  saponification  of  neutral  fats,  since  no  pre- 
vious splitting  into  glycerin  and  fatty  acids  is  required,  and 
the  fatty  acids  possess  the  property  of  expelling  the  carbonic 
acid  from  alkaline  carbonates  and  combining  with  the  latter 
to  soap.  Hence  with  the  use  of  fatty  acids  for  the  manufac- 
ture of  soap,  the  preparation  of  lye  can  be  saved  and  saponifi- 
cation effected  with  solutions  of  alkaline  carbonates. 
9 
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The  prejudice  which  formerly  existed  against  sapouification 
of  fatty  acids  with  alkaline  carbonates  has  to  a  great  extent 
disappeared,  and  this  method — the  so-called  carbonate  saponifi- 
cation— is  coming  more  and  more  into  use,  since  by  it  can  be 
prepared  soaps  just  as  good  in  appearance  and  quality  as  those 
made  with  the  assistance  of  caustic  lyes.  The  process  presents 
no  diflBculties  whatever,  especially  where  steam  is  available, 
although,  with  some  experience,  it  can  also  be  carried  on  with 
a  direct  fire.  An  inconvenience  in  the  latter  case  is  that  the 
quantity  of  stock  in  the  kettle  must  at  least  be  one-third  less 
than  when  boiling  with  caustic  lye,  since,  on  account  of  the 
escape  of  carbonic  acid,  a  considerable  allowance  must  be 
made  for  the  rising  of  the  stock  in  the  kettle.  However,  the 
principal  drawback  is  that  the  fatty  acids  always  contain  more 
or  less  neutral  fat,  a  chemical  examination  being  therefore 
required,  which  few  soap  boilers  can  or  will  undertake,  and 
working  without  knowing  the  content  of  fatty  acid  and  neutral 
fat  may  later  on  lead  to  disagreeable  results. 

Carbonate  saponification  is  executed  as  follows :  The  quantity 
of  alkaline  carbonate,  no  matter  whether  soda  ash  or  potash, 
previously  accurately  calculated,  is  dissolved  in  water  and 
heated  in  the  kettle  to  boiling.  The  fatty  acid,  previously 
liquefied,  is  then  allowed  to  run  in,  the  carbonate  solution 
being  kept  constantly  boiling.  The  fatty  acid  immediately 
combines  with  the  alkali,  whereby  carbonic  acid  is  liberated 
and  escapes.  This  liberated  carbonic  acid  causes  vigorous 
foaming  and  rising  of  the  soap  mass.  Hence  the  admission 
of  fatty  acid  has  to  be  so  regulated  that  the  soap  cannot  run 
over.  Such  overrunning  will  not  occur  if  only  so  much  fatty 
acid  as  will  immediately  be  converted  into  soap  is  introduced. 
In  especially  critical  moments  the  admission  of  fatty  acid  is 
interrupted  till  no  more  unsaponified  particles  of  it  are  noticed 
upon  the  surface  of  the  soap.  Overrunning  takes  place  most 
readily  when  the  last  remnants  of  fatty  acid  come  to  be  saponi- 
fied. In  carbonate  saponification  it  is  advisable  to  employ  a 
checking  or  curbing  apparatus,  it  afibrding  better  protection 
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against  the  soap  runniug  over  than  the  use  of  a  hand  crutch. 
In  the  construction  of  such  an  apparatus  a  piece  of  gas-pipe 
about  20  inches  longer  than  the  upper  diameter  of  the  kettle 
serves  as  a  shaft.  To  the  center  of  the  shaft  are  secured, 
opposite  to  each  other,  two  wings  of  stout  sheet-iron,  each 
about  6  to  8  inches  wide.  Two  bearings  screwed  one  opposite 
to  the  other  to  the  kettle  serve  for  the  reception  of  the  shaft. 
The  apparatus  is  revolved  by  means  of  a  crank  secured  to  the 
end  of  the  shaft  projecting  over  the  edge  of  the  kettle.  Where 
power  is  available  the  crank  is  replaced  by  a  loose  and  a  fast 
pulley.  By  the  use  of  such  an  apparatus  the  soap  when  rising 
in  the  kettle  can  readily  be  checked.  However,  this  rising 
decreases  considerably  when  the  last  portion  of  fatty  acid  has 
been  saponified.  Nevertheless  boiling  has  to  be  continued  for 
some  time  longer  to  give  the  carbonic  acid  which  is  liberated 
a  chance  to  escape,  it  being  absolutely  necessary  that  it  should 
be  completely  expelled,  as  otherwise  soft  soaps  are  formed. 
During  this  time  the  soap  becomes  constantly  heavier  and 
thicker,  and  gradually  commences  to  fall.  The  carbonic  acid 
in  escaping  forces  its  way  with  violence  through  the  soap, 
whereby  particles  of  the  latter  continually  spurt  around  and 
partly  fly  from  the  kettle.  When  the  soap  has  entered  this 
stage  and  lies  thick  and  heavy  in  the  kettle  without  being 
able  to  rise  again,  it  may  be  supposed  that  all  the  carbonic 
acid  has  been  expelled  and  that  further  boilirfg  may  be  con- 
tinued with  the  addition  of  the  quantity  of  caustic  lye  required 
for  the  neutral  fat  which  may  have  been  present  in  the  fatty 
acid.  After  the  addition  of  this  lye  normal  boiling  again 
commences  at  once,  and  the  previously  heavy  and  turbid  soap 
becomes  darker  and  pasty,  as  well  as  more  fluid.  It  again 
commences  to  rise,  can  now  be  fitted  and  regularly  finished 
like  soap  boiled  from  neutral  fats. 

The  calculation  of  carbonates  for  fatty  acids  is  made  accord- 
ing to  the  following  rules : 

Not  taking  into  account  the  fatty  acids  of  palm-kernel  and 
cbcoanut  oils,  which  have  a  very  high  neutralization  number, 
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100  lbs.  of  100  per  cent,  fatty  acid  require  for  their  saturation 
about  20  lbs.  of  100  per  cent,  ammonia-soda  ash.  However, 
as  commercial  ammonia-soda  has  only  about  98  per  cent., 
there  would  be  still  wanting  for  100  lbs.  of  pure  fatty  acid 
20  X  0.2  =  4  lbs.  for  complete  saponification.  But  in  order 
to  be  more  successful  with  the  soap  it  is  advisable  to  leave 
this  small  difference  out  of  consideration  and  to  make  up  this 
small  missiug  quantity  of  sodu  ash  with  caustic  lye.  It  is 
therefore  necessary  to  know  the  content  of  neutral  fats  in 
the  fatty  acids  to  be  worked  so  that,  based  upon  the  results 
obtained,  the  quantities  of  soda  ash  and  caustic  lye  required 
for  saponification  can  be  calculated. 

This  may  be  explained  by  a  few  examples.  Since  with  all 
the  methods  of  splitting  fat  known  at  present,  up  to  95  per 
cent,  of  free  fatty  acid  is  at  the  utmost  obtained,  it  will  always 
be  necessary  to  ascertain  the  results  of  each  splitting  previous 
to  boiling  in  order  to  make  correct  calculations.  By  taking 
first  the  above-mentioned  result  of  95  per  cent,  of  free  fatty 
acid  and  5  per  cent,  of  neutral  fat,  the  following  calculation 
results:  95  per  cent.  X  20  :  10  =  19.  Hence  100  lbs.  of  95 
per  cent,  fatty  acid  required  19  lbs.  of  soda  ash  for  saponifica- 
tion. The  5  per  cent,  of  neutral  fat  contained  in  the  fatty 
acid  requires,  on  the  other  hand,  2J  lbs.  of  caustic  soda  lye  of 
40°  B.  Suppose  5000  lbs.  of  such  fatty  acid  are  to  be  saponi- 
fied, the  calculation  is  as  follows:  50  X  19  =  950  and  50  X 
2.5  =  125.  Hence  the  5000  lbs.  of  95  per  cent,  free  fatty  acid 
require  for  saponification  950  lbs.  of  98  per  cent,  soda  ash  and 
125  lbs.  of  caustic  soda  lye  of  40°  B. 

For  a  90-percent,  fatty  acid  to  be  worked  the  calculation 
is  as  follows  :  90  X  20  :  100  =  18.  Hence  100  lbs.  of  90  per 
cent,  fatty  acid  require  for  saponification  18  lbs.  of  soda  ash 
and  10  X  0.5  =  5  lbs.  of  caustic  soda  lye  of  40°  B.  Hence 
the  above-mentioned  5000  lbs.  require  15  X  18  =  900  lbs.  soda 
ash  and  50  X  5  =  250  lbs.  of  caustic  soda  lye  of  40°  B. 

For  85  per  cent,  fatty  acid  the  calculation  is  as  follows : 
85  X  20  :  100  =  17.     Fifteen  per  cent,  fatty  acid  equal  15  X 
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0.6  =  7.5.  Hence  100  lbs.  of  85  per  cent,  fatty  acid  require 
for  saponification  17  lbs.  soda  ash  and  7.5  lbs.  caustic  soda  lye 
of  40°  B.  Referred  to  the  above-mentioned  5000  lbs.  the 
result  is  50  X  17  =  850  lbs.  and  50  X  7.5  =  375  lbs.  Hence 
5000  lbs.  of  85  per  cent,  fatty  acid  require  for  saponification 
850  lbs.  soda  ash  and  375  lbs.  caustic  soda  lye  of  40°  B. 
These  examples  are  sufficient  to  show  how  the  alkalies  have 
to  be  calculated  for  the  fatty  acid  in  accordance  with  its 
content  of  actual  fatty  acid  and  neutral  fat. 

For  fatty  acids  from  palm-kernel  oil,  which  have  a  neutrali-; 
zation  number  of  250  to  265,  20  lbs.  of  soda  ash  for  100  lbs. 
of  fatty  acid  are  not  sufficient.  Since  56  calcium  hydrate, 
upon  which  the  saponification  number,  relatively  the  neu- 
tralization number,  is  based,  corresponds  to  53  sodium  car- 
bonate, we  arrive  at  the  proportion,  56  :  25.0  =  53  :  X,  whence 
follows  that  for  100  lbs.  of  palm-kernel  oil  fatty  acid  at  least 
24  lbs.  of  soda  ash  are  required. 

Special  attention  must  be  called  to  the  fact  that  the  calcu- 
lations given  above  are  purely  theoretical  and  show  only  how 
much  caustic  soda  lye  in  addition  to  soda  ash  is  absolutely 
required.  For  practical  work  a  larger  consumption  of  caustic 
soda  lye  will,  as  a  rule,  be  necessary  in  order  to  attain  a  vigor- 
ous fitting  of  the  soap.  To  the  novice  in  carbonate  saponifi- 
cation it  may  also  happen  that  saponification  with  alkaline 
carbonates  is  not  accomplished  in  an  entirely  regular  manner, 
either  because  lumps  are  formed  in  running  in  the  fatty  acid, 
or  the  carbonic  acid  had  not  sufficient  time  or  chance  to 
escape.  In  both  cases  the  calculated  quantity  of  caustic  soda 
lye  will  not  be  sufficient,  as  the  soap  must  by  all  means  be 
fitted  to  a  perceptible  touch.  Hence  the  novice  has  to  be 
doubly  cautious  but,  on  the  other  hand,  he  should  not  be 
guided  by  false  principles  in  calculating  the  caustic  soda  lye 
if,  by  neglecting  some  detail  or  by  faulty  boiling,  the  quantity 
of  soda  lye  does  not  suffice.  At  all  events  care  has  to  be  taken 
that  the  finished  soap  receives  an  ample  and  sufficiently  strong 
fit,  even  if  more  caustic  soda  lye  is  used  than  required  accord- 
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ing  to  calculation.  The  process  of  earbouate-saponification  is 
about  the  same  as  that  described  for  boiling  all  kinds  of  fatty 
acids  whether  from  tallow,  or  palm  kernel,  cocoanut,  cotton 
seed,  peanut  oils,  etc.,  and  the  work  can  therefore  be  always 
carried  on  according  to  the  same  general  plan.  It  may  be 
mentioned  that  fatty  acids  of  any  kind  should  not  be  stored 
in  iron  holders  and  not  be  handled  in  iron  ladles  or  pots,  as 
they  possess  to  a  high  degree  the  power  of  attacking  and  dis- 
solving iron  and  in  consequence  acquire  very  rapidly  a  red, 
and  eventually  a  brown,  color.  Barrels  in  which  fatty  acids 
are  kept  become  leaky  in  a  shorter  or  longer  time,  and  for  this 
reason,  the  fatty  acids  should  be  used  as  soon  as  possible  after 
splitting.  On  account  of  the  difference  in  price  between  soda 
ash  and  caustic  soda,  carbonate-saponification  is  of  advantage 
only  for  the  production  of  hard  bar-soaps.  Ho^  ever,  its  appli- 
cation to  the  manufacture  of  soft  soaps  from  fatty  acids  would 
render  the  product  more  expensive  since  electrolytic  potash  lye 
is  cheaper  than  pearl  ash.  Hence  in  boiling  soft  soaps  from 
fatty  acids  the  procedure  is  as  follows : 

For  every  100  lbs.  of  fatty  acid  40  lbs.  of  electrolytic  potash 
lye  of  50°  Bd.  are  allowed  and,  according  to  the  season  of  the 
year,  5  to  6  lbs.  of  pearl  ash  for  smooth  soft  soap,  and  10  to  12 
lbs.  for  natural  fig  soap.  The  caustic  potash  lye  together  with 
the  pearl  ash  previously  dissolved  in  water  is  made  up  to  28 
to  30°  B6.y  when  working  with  direct  steam,  and  to  26  to  27°  B6. 
when  only  an  open  fire  is  available.  When  the  lye  is  heated 
to  boiling,  the  fatty  acid  is  allowed  to  run  in  ;  saponification 
takes  place  immediately  without  violent  rising  in  the  kettle. 
The  soap  gradually  enters  into  combination  and,  if  there  has 
been  the  correct  proportion  between  lye  and  water,  finally  lies, 
fitted  and  evaporated,  in  the  kettle.  It  may  eventually  happen 
that  it  has  to  be  somewhat  more  evaporated  or  the  fit  cor- 
rected. It  may  besides  be  subsequently  ground  and  filled 
like  soap  from  neutral  fats. 

It  remains  to  add  a  few  words  regarding  the  boiling  of  hard 
soaps.     For  white-grained  soaps  the  same  kind  of  stock  is  used 
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as  for  ueutral  fat  soaps  ;  care  has,  however,  to  be  exercised  with 
the  supplementary  fats,  as  after  splitting  they  always  turn  out 
somewhat  darker,  while,  as  regards  color,  palm-kernel  oil  splits 
best.  This  also  applies  to  Oranienburg  soap,  but  for  the  rosin 
used  in  it,  12  lbs.  of  soda  ash  for  every  100  lbs.  have  to 
be  calculated.  The  boiling  of  Eschweg  soap  by  means  of  car- 
bonate-saponification  presents  at  first  some  diflQculties.  They 
can  be  best  overcome  by  first  boiling  from  the  entire  stock  a 
salted-out  grain.  The  grain  free  from  lye  is  then  again  con- 
tracted by  means  of  water  and  about  4  lbs.  of  soda  ash  for 
every  100  lbs.  of  stock,  till  a  pasty  soap  is  in  the  kettle,  which 
can  be  boiled  and  filled  exactly  like  one  from  neutral  fat. 
Generally  speaking,  all  kinds  of  paste-soaps  can,  as  regards 
carbonate-saponification,  be  most  easily  prepared  according  to 
this  process. 

Rosin  is  the  residue  from  the  distillation  of  oil  of  turpentine 
from  crude  turpentine.  The  crude  oleo-resin  or  true  turpen- 
tine is  an  exudation  from  the  barks  of  various  conifers.  In 
regions  rich  in  pine  forests  the  trees  are  "  boxed,"  i.  c,  exca- 
vations are  made  into  the  trunks  of  the  trees  about  six  inches 
or  more  above  the  roots,  and  the  crude  turpentine  exuding  is 
collected  in  barrels  and  transferred  to  stills.  The  grade  of 
rosin  depends  first,  upon  the  quality  of  the  turpentine,  and, 
second,  upon  the  skill  in  distilling.  "  Virgin  turpentine,"  if 
skillfully  distilled,  will  yield  what  is  known  as  "window-glass 
rosin,"  of  which  there  are  two  or  three  grades.  If  by  any 
means  water  gets  into  prime  rosin,  it  becomes  opaque.  This 
accidental  addition  of  water  must  take  place  after  the  rosin  has 
been  drawn  off  from  the  still. 

'*  Yellow-dip  turpentine,"  which  is  the  running  of  the  second 
and  subsequent  years  from  the  trees,  yields  the  medium  grades 
of  rosin,  while  the  **  scrapings,"  i.  a.,  the  inspissated  gum  from 
the  tree  facings,  yield  an  inferior  rosin,  from  very  dark  to  al- 
most black. 

Common  rosin  is  very  brittle,  has  a  glassy  luster  and  con- 
choidal  fracture;  its  specific  gravity  ranges  between  1.045 and 
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1.085  at  59°  F.  The  melting  point  varies  very  much  and  de- 
pends on  the  content  of  rosin  oil.  Some  varieties  become  soft 
at  158°  P.  and  become  semi-liquid  in  boiling  water ;  others 
melt  at  211°  to  212°  F.,  and  some  only  at  248°  to  284°  F. 
Rosin,  however,  does  not  melt  to  a  clear  fluid.  It  is  insoluble 
in  water,  but  readily  soluble  in  alcohol.  The  alcoholic  solution 
shows  an  acid  reaction ;  the  acid  can  be  accurately  neutralized 
by  caustic  alkalies  with  the  use  of  phenolphtiialein  as  indicator. 

The  principal  constituent  of  rosin  is  abiotic  acid  (C^H^Oj). 
It  contains  in  addition  the  anhydride  of  this  acid,  and  per- 
haps other  acids  in  smaller  quantities,  and  always  varying 
quantities  of  non-saponifiable  substance  consisting  of  hydro- 
carbons, which  are  formed  by  partial  decomposition  of  the 
rosin  in  distilling. 

The  most  important  applications  of  rosin  are  in  the  manu- 
facture of  varnishes,  lacquers,  cements,  brewers'  and  bottlers' 
pitch,  grease  for  wagons  and  machinery,  and  in  the  prepara- 
tion of  soap.  In  the  latter  industry  it  is  employed  in  the 
manufacture  of  hard  and  soft  soaps,  though  never  by  itself, 
but  always  in  combination  with  fats.  Soda  soaps  of  pure 
rosin  never  become  hard,  and  potash  soaps  from  pure  rosin  do 
not  acquire  the  characteristic  consistency  which  is  demanded 
from  a  good  quality  of  soft  soap. 

Rosin  being  an  acid  it  saponifies  readily  and  rapidly,  and 
the  soaps  prepared  with  it  are  distinguished  by  ready  solu- 
bility and  a  good  lather.  Formerly  it  was  much  used  in  com- 
bination with  tallow  and  palm  oil  for  grained  soaps ;  at  the 
present  time  it  is  however  chiefly  employed  in  combination 
with  palm-kernel  oil,  cocoanut  oil,  bone-fat,  olein,  and  cotton- 
seed oil. 

Rosin  flnds  a  further  and  important  application  in  the 
manufacture  of  the  various  smooth  and  artificial  fig  soft  soaps. 
The  rosin — about  5  to  15  pounds  to  100  pounds  of  oil — is 
either  at  once  brought  into  the  kettle  together  with  the  oil 
and  saponified  with  it,  or  it  is  added  together  with  the  re- 
quired lye  of  30°  Be.  to  the  finished  soap  when  boiling  up,  and 
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combined  with  it  by  crutching.  The  latter  method,  which  is 
chiefly  used  and  can  be  particularly  recommended  for  glycerin 
soft  soap  and  similar  varieties,  gives  paler  soaps  and  a  some- 
what larger  yield,  though  refitting  is  necessary  after  the  addi- 
tion of  the  rosin.  On  the  other  hand,  by  boiling  the  rosin 
with  the  fat,  the  soap  is  somewhat  darker  and  the  yield  some- 
what less,  but  refitting  being  not  required,  the  work  is  accom- 
plished more  quickly  and  with  greater  surety.  By  an  addition 
of  rosin,  pure  soft  soaps  are  rendered  cheaper,  give  a  better 
lather,  and  become  more  lustrous ;  they  are,  however,  con- 
siderably softer,  and  it  is,  therefore,  necessary  to  use  about  20 
to  30  per  cent,  of  soda  lye  of  about  24^  B6.,  the  quantity  de- 
pending on  the  season  of  the  year ;  mor6  being  used  in  summer 
and  less  in  winter. 

It  is  sometimes  desirable  to  have  a  very  pale  rosin.  This 
can  be  obtained  by  bleaching.  Melt  the  rosin  in  a  kettle  and 
allow  to  stand  till  all  the  dirt  has  settled  on  the  bottom  which 
will  require  about  half  an  hour.  The  clear  rosin  is  then 
brought  into  another  kettle  and  to  each  100  lbs.  of  it  are  added 
20  lbs.  of  common  salt  solution  of  9^  Be.  The  whole  is  then 
boiled  for  one  hour  when  the  fire  is  reduced.  As  soon  as 
ebullition  ceases  the  rosin  settles  on  the  bottom,  while  the  salt 
liquor  separates  as  a  brownish  fluid  on  the  top.  This  salt 
liquor  is  drawn  off,  fresh  salt  water  added  and  the  whole  again 
boiled.  If  the  rosin  is  not  sufficiently  decolorized  the  opera- 
tion is  repeated  for  the  third  time. 

The  principal  supplies  of  rosin  come  from  the  United  States 
and  France.  The  American  grades  of  rosin  are  indicated  by 
letters  and  the  quality  is  the  finer  the  further  its  letter  is  re- 
moved from  A.     The  grades  are  as  follows: 

A.  Black.  I.  Good  No.  1. 

B.  Common  strain.  K.  Low  Pale.  • 

C.  Strain.  M.  Pale. 

D.  Good  Strain.  N.  Extra  Pale. 

E.  No.  2.  W.  G.  Window  glass. 

F.  Good  No.  2.  W.  W.  Water  White. 
H.  No.  1. 
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By  the  term  **  alkalies  "  are  designated  the  oxides  of  a  small 
group  of  metals  which  are  distinguished  by  being  lighter  than 
water,  oxidizing  readily  in  the  air,  and  at  an  ordinary  temper- 
ature, decomposing  water,  with  the  development  of  hydrogen 
gas.  The  oxides  of  the  metals — the  alkalies — are  the  strongest 
bases  known ;  they  combine  with  water  to  hydrates,  forming 
the  so-called  caustic  alkalies.  These  have  a  caustic,  lye-like 
taste,  destroy  the  skin  and  all  organic  tissues,  and  are  readily 
soluble  in  water.  .  Their  solutions  color  reddened  litmus  tinc- 
ture blue,  the  coloring  matter  of  violets  and  roses,  green,  and 
that  of  turmeric,  brown  ;  they  show,  as  it  is  termed,  an  alka- 
line reaction.  From  the  air  these  hydrates  absorb  water  and 
carbonic  acid. 

Two  of  these  alkaline  hydrates  are  extensively  used  for  tech- 
nical purposes,  potassium  hydrate  (KHO)  or  caustic  potash, 
and  sodium  hydrate  (NaHO)  or  caustic  soda.  The  usual 
method  of  converting  the  alkaline  carbonates  into  alkaline  hy- 
drates is  by  means  of  slaked  lime  (calcium  hydrate,  CaHiOi). 
By  bringing  together  solutions  of  alkaline  carbonates  with 
slaked  lime  a  conversion  takes  place  by  the  carbonic  acid  of 
the  alkali  combining  with  the  calcium  oxide  to  calcium  car- 
bonate, which,  being  insoluble  in  water,  falls  to  the  bottom, 
while  the  alkali  combines  with  the  hydrate  of  the  lime  and 
remains  in  solution  : — 


Na.CO, 

4 

CaH.O,     = 

=    CaCO, 

+ 

2NaH0 

Soda. 

Calcium 
hydrate. 

Calcium 
carbonate. 

Caustic 
soda. 

K,CO 

+ 

CaH,0,     = 

=     CaCO, 

+ 

2KH0 

Potub. 

Caldum 
hydrate. 

Caldum 
carbonate. 

Caustic 
potash. 

(138) 
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Below^the  manufacture  and  properties  of  the  various  kinds 
of  alkaline  carbonates  and  caustic  alkalies  will  be  briefly 
described,  commencing  with  soda,  which,  next  to  common  salt, 
is  the  most  important  of  all  mineral  salts. 

SODA. 

The  soda  brought  into  commerce  is  known,  according  to  its 
derivation,  as  (1)  natural  soda,  and  (2)  artificial  soda. 

1.  Natural  Soda. — Sodium  carbonate  ia  widely  distributed 
in  nature  as  a  constituent  of  many  minerals  and  dissolved  in 
many  waters,  thus  in  the  soda  lakes  of  Hungary,  Egypt,  Cen- 
tral Africa,  and  in  the  waters  of  the  geysers  of  Iceland.  It  is 
occasionally  found  native  as  an  efflorescence  on  the  soil,  for 
instance,  on  the  steppes  between  the  Black  and  Caspian  Seas, 
on  the  alkali  plains  of  North  America,  in  Mexico,  South 
America,  etc.  Extensive  deposits  of  the  chloride,  sulphate 
and  carbonate  of  soda  are  found  at  many  points  in  the  arid  re- 
gions of  the  United  States.  These  deposits  occur  in  the  desic- 
cated beds  of  many  ancient  lakes  in  Nevada,  Arizona,  Western 
Utah,  and  portions  of  California  and  New  Mexico.  There  are 
certain  lakes,  also,  which  are  valuable  brines. 

Formerly  the  principal  source  of  commercial  soda  was  the 
ashes  of  plants  growing  on  salt  plains,  near  salt  springs,  and 
on  the  border  of  the  sea.  Plants  growing  in  the  sea  itself  are 
not  suitable  for  this  purpose,  as  they  contain  but  a  small  quan- 
tity of  alkaline  carbonates,  and  they  are  principally  worked 
on  account  of  their  content  of  potassium  sulphate  and  potas- 
sium chloride,  and  especially  of  iodine.  The  preparation  of 
soda  from  the  actual  soda  plants,  which  are  found  along  the 
borders  of  the  sea  to  within  a  certain  stretch  into  the  interior 
of  the  country,  is  very  simple,  consisting  only  in  the  incinera- 
tion of  the  plants.  The  industry  was,  and  is  partially  at  the 
present  time,  carried  on  on  the  coasts  of  Scotland  and  Ireland, 
but  chiefly  on  the  Mediterranean,  in  Sicily  and  Sardinia,  and 
on  the  Spanish  coast  in  the  province  of  Valencia,  in  Morocco 
and  in  Armenia,  and  the  South  Russian  steppes. 
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The  best  soda  of  this  kind  was  the  Spanish,  apd  "barilla/' 
the  name  under  which  it  is  known,  was  given  to  all  vegetable 
sodas;  even  the  artificial  soda  was  first  known  in  England  as 
^'  British  barilla."  Barilla  is  also  brought  into  commerce  as 
Alicante,  Carthagena,  and  Malaga  soda.  It  forms  a  hard  and 
compact  mass  of  a  dark  ash  or  graj-blue  color,  and  contains 
from  25  to  80  per  cent,  of  sodium  carbonate.  It  is  hard  and 
difficult  to  pulverize  and  has  a  sharp  alkaline  taste.  It  is  ob- 
tained from  plants  specially  cultivated  for  the  purpose. 

Vegetable  soda,  being  only  caked  vegetable  ash  not  purified 
by  lixivation,  contains  all  the  inorganic  constituents  of  the 
plants.  Hence,  when  treated  with  water,  there  always  re 
mains  a  considerable  residue  of  combinations  of  lime,  iron^ 
etc.  The  portion  soluble  in  water  contains,  besides  sodium  . 
carbonate  (and  potassium  carbonate),  alkaline  sulphates  and 
chlorides. 

At  the  present  time  the  natural  soda  has  been  almost  every- 
where replaced  by  the  artificial  product,  it  being  only  used  in 
the  countries  of  its  production. 

2.  Artificial  soda, — During  the  last  century  the  soap  industry 
of  France  had  become  so  extensive  that  twenty  to  thirty  mil- 
lions of  francs  were  annually  sent  to  Spain  and  other  countries 
for  vegetable  soda.  In  1793,  when  Prance,  by  its  war  with 
England,  was  excluded  from  intercourse  with  other  nations, 
and,  therefore,  dependent  on  its  own  resourses,  the  want  of 
potash  and  soda  was  much  felt  in  the  soap  industry.  A  com- 
mission was  appointed  to  examine  methods  for  the  fabrication 
of  soda.  Of  the  various  processes  communicated,  the  one  pro- 
posed by  Nicolas  Leblanc,  to  manufacture  soda  from  common 
salt,  was  considered  the  only  practical  one.  The  industrial 
process  was  exposed  with  such  precision  that  since  that  time — 
more  than  a  hundred  years — very  few  changes  have  been 
made. 

Leblanc*8  soda  process  consists  in  heating  common  salt  with 
sulphuric  acid,  whereby  sodium  sulphate  and  hydrogen 
chloride  are  produced.      The  sodium   sulphate,  technically 
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called  salt  cake,  is  then  mixed  with  small  coal  and  limestone, 
and  again  heated  in  order  to  convert  it  into  sodium  carbonate, 
a  change  which  may  be  represented  by  the  two  equations : 

(l)NaaSO:     +     C,     =     Na^S     +     2C0, 

Sodium  sulpbBte  Sodium  sulphide 

(2)Na,S     +     CaCO,     =    Na.CO,     +     CaS 

Calcium 
sulphide 

The  resulting  mixture  of  sodium  carbonate  and  calcium 
sulphide,  technically  called  blaek  ash — being  black  from  the 
presence  of  coal — is  leached  with  water  to  dissolve  the  sodium 
carbonate  and  leave  the  calcium  sulphide  (tank  waste).  The 
liquor  is  evaporated  to  crystallize  the  sodium  carbonate  (soda 
crystals). 

Leblanc's  process  has  been  almost  completely  superseded  by 
the 

Ammonia-soda  process  or  Solvay's  process. — This  process  which 
was  first  brought  into  practical  use  by  Solvay  (1863)  depends 
on  the  fact  that  when  solutions  of  sodium  chloride  and  am- 
monium bicarbonate  are  mixed,  double  decomposition  occurs, 
resulting  in  the  formation  of  ammonium  chloride  and  sodium 
bicarbonate,  the  latter  being  precipitated  on  account  of  its 
sparing  solubility  in  solutions  of  the  former.  Common  salt 
solution  is  first  saturated  with  ammonia  and  then  with  car- 
bonic acid.  Ammonium  bicarbonate  is  formed  which  with 
the  common  salt  is  converted  into  sodium  bicarbonate  and 
ammonium  chloride.  By  heating,  the  sodium  bicarbonate  is 
decomposed  to  sodium  carbonate  and  carbonic  acid.  The 
carbonic  acid  thereby  generated  is  again  used  for  the  formation 
of  ammonium  bicarbonate.  From  the  ammonium  chloride 
solution  obtained  in  the  beginning  of  the  process  tlie  ammonia 
is  recovered  by  heating  with  lime.  The  process  is  thus  a 
continuous  one  in  which,  independent  of  the  losses  of  am- 
monia, only  common  salt  and  a  portion  of  the  carbonic  acid 
have  to  be  introduced,  soda  alone  being  taken  out.  Only  the 
lime  required  foe  the  regeneration  of  the  ammonia  as  well  as 
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the  chloride  from  the  common  salt  are  lost.  The  entire  pro- 
cess appears  very  simple,  but  very  complicated  apparatus  is 
required  and  it  takes  considerable  capital  to  start  an  ammonia- 
soda  plant. 

Soda  prepared  by  the  ammonia  process  is  very  pure,  it  being 
absolutely  free  from  caustic  soda,  sulphur  combinations,  and 
iron.  It  can  be  obtained  without  diflBculty,  so  as  to  show  98 
to  99  per  cent. 

Production  of  soda  by  electrolysis, — The  electrolytic  process  of 
obtaining  caustic  soda  and  carbonate  of  soda  from  common  salt 
solutions  presented  at  first  many  difficulties.  However,  they 
have  to  a  great  extent  been  overcome  and  the  process  is  mak- 
ing rapid  headway  m  Europe  and  in  this  country.  The  Cast- 
ner-Kellner  process  especially  has  proved  successful.  In  the 
electrolytic  process  sodium  separates  on  the  cathode  and  then 
forms  with  the  water,  sodium  oxide  (and  hydrogen).  For  the 
purpose  of  obtaining  soda  the  oxide  is  precipitated  as  sodium 
bicarbonate  by  the  introduction  of  carbonic  acid.  The  sodium 
bicarbonate  is  then  decomposed  by  heating  into  soda  and  free 
carbonic  acid. 

Oryolite  soda  may  here  be  mentioned,  though  it  is  now  of 
little  importance.  It  is  obtained  from  cryolite,  a  mineral  oc- 
curring in  Greenland,  by  heating  the  pulverized  mineral  with 
IJ  times  its  quantity  of  lime  to  tedness',  whereby,  under  the 
development  of  carbonic  acid,  calcium  fluoride  and  sodium 
aluminate  are  formed.  The  calcined  mass  is  lixiviated  ;  the 
calcium  fluoride  remains  behind,  while  the  sodium  aluminate 
passes  into  solution.  By  the  introduction  of  carbonic  acid, 
generated  by  the  combustion  of  coal,  into  the  solution,  the  so- 
dium aluminate  is  converted  into  alumina,  which  separates, 
and  into  sodium  carbonate,  which  remains  in  solution.  The 
soda  solution  is  concentrated  by  evaporation,  the  larger  por- 
tion of  the  soda  crystallizing  out  in  from  eight  to  ten  days. 
The  alumina  separated  is  not  pure,  it  constituting  a  mixture 
of  45  per  cent,  alumina,  20  per  cent,  sodium  bicarbonate,  and 
35  per  cent,  water ;  it  is,  as  a  rule,  further  worked  for  alum. 
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Sal  soda,  washing  soda,  crystallized  soda,  though  containlDg 
37  per  cent,  of  sodium  carbonate,  is  preferred  for  scouring 
wool,  for  ipany  other  industrial  purposes  and  for  domestic  use, 
largely  because  of  its  freedom  from  caustic  soda.     It  is  usually  / 

prepared  by  recrystallizing  the  solution  of  soda  ash,  which  ' 

should  be  freed  from  sulphide  and  should  contain  not  more 
than  2  per  cent,  of  caustic  soda. 

The  manufacture  of  sal  soda  may  be  suitably  combined 
with  the  manufacture  of  soap.  In  smaller  establishments  any 
kettles  temporarily  not  in  use  may  be  employed.  For  the 
manufacture  on  a  large  scale  space  is  the  chief  requisite,  and 
it  is  desirable  that  the  room  for  the  installation  of  the  crystal- 
lizing tanks  should  be  as  airy  as  possible  so  that,  according  to 
requirement,  a  current  of  air  can  constantly  pass  through  it 
from  two  opposite  directions,  more  rapid  crystallization  of  the 
soda  being  thereby  effected.  For  this  reason  the  room  should, 
if  possible,  have  a  northern  exposure. 

The  solution  of  the  soda-ash  may  Ipe  successfully  effected 
either  upon  a  direct  fire  or  by  steam  in  an  ordinary  soap 
kettle.  Soda-ash  dissolves  best  at  a  temperature  of  from  120° 
to  122°  F.  When  the  water  has  been  heated  to  that  point,  the 
soda-ash  is  gradually  added.  On  account  of  the  caking  prop- 
erties of  the  soda-ash,  the  fluid  has  to  be  constantly  agitated 
during  this  operation  by  means  of  a  crutch  or  a  mechanical 
stirrer  till  the  required  degree  of  concentration  has  been 
reached.  This  point  is  recognized  by  further  additions  of 
soda  falling  without  being  dissolved  to  the  bottom  of  the 
kettle,  and  also  by  the  solution  showing  even  in  a  hot  state  a 
density  of  36°  B.  The  soda  solution  is  now  allowed  to  rest 
till  the  next  morning  for  the  coloring  matter  and  impurities 
to  settle.  The  solution,  which  is  now  no  longer  turbid,  but 
clear  as  water,  is  then  transferred  from  the  kettle  to  the  crys- 
tallizing tanks,  in  which,  according  to  the  size  of  these  vessels, 
the  formation  of  crystals  takes  place  in  a  shorter  or  longer 
time.  Various  ways  may  be  adopted  for  transferring  the  soda 
solution  from  the  kettle  to  the  crystallizing  tanks,  ladling 
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being  the  most  primitive  and  time-consuming.  Pumping 
takes  less  time,  but  has  the  drawback  of  the  sediment  in  the 
kettle  being  also  brought  into  the  crystallizing  tanks,  and 
dirty  crystals  will  be  the  result.  In  installing  a  new  plant  it 
is  advisable  to  locate  the  dissolving  tank  at  such  a  height  that 
its  bottom  is  at  a  level  with  the  upper  edge  of  the  crystallizing 
tank.  The  bottom  of  the  dissolving  tank  is  fitted  with  a  dis- 
charge pipe  for  drawing  oflf  the  sediment,  and  about  four 
inches  above  the  bottom  is  another  discharge  pipe  for  the  clear 
solution.  By  a  pipe  emptying  into  an  iron  conduit  the  clear 
solution  can  then  be  distributed  into  any  tank  desired. 

The  crystallizing  tanks  are  of  various  sizes,  with  a  capacity 
of  from  100  to  10,000  lbs.  The  smaller  tanks  are,  as  a  rule, 
tinned,  and  can  be  readily  emptied  by  inverting  them  and 
pouring  hot  water  over  them,  which  causes  the  block  of  soda 
to  drop  out.  The  larger  tanks,  on  the  other  hand,  have  to  be 
emptied  by  means  of  a  hammer  and  chisel,  but  yield  a  product 
of  greater  purity  and  whiteness,  as  well  as  in  larger  pieces. 
They  are  generally  four-cornered,  of  greater  width  than  depth, 
and  provided  with  a  bottom  running  obliquely  from  both 
sides  towards  the  center.  On  the  deepest  point  is  a  hole  suit- 
able for  the  reception  of  a  piece  of  gas  pipe  terminating  in  a 
cone.  This  cone  serves  for  closing  the  hole,  while  the  pipe 
itself  projects  about  IJ  feet  above  the  edge  of  the  tank.  This 
pipe  serves  for  the  purpose  of  running  off  the  mother-liquor 
remaining  after  crystallization  is  complete.  For  this  purpose 
the  tanks  are  set  upon  brick  pillars.  When  the  mother-lye  is 
to  be  discharged,  hot  water  is  poured  from  above  into  the  gas 
pipe,  whereby  the  soda  on  the  outside  of  the  pipe  is  melted  so 
that  the  latter  can  be  drawn  up,  thus  allowing  the  mother- 
liquor  to  run  off  through  the  hole  in  the  bottom  into  reser- 
voirs, or  it  may  be  conducted  by  means  of  pipes  to  be  utilized 
in  the  next  operation.  The  tanks  are  allowed  to  stand  for  one 
or  two  days  for  all  the  mother-liquor  to  drain  off.  The  super- 
ficially dry  soda  is  then,  as  previously  mentioned,  broken  out 
with  a  hammer  and  chisel  and,  before  packing,  has  to  be 
ceutrifuged  to  get  it  sufficiently  dry. 
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The  time  required  for  crystallization  varies,  as  above  men- 
tioDed,  accordiug  to  the  size  of  the  tanks,  and  besides,  the 
temperature  of  the  air  exerts  considerable  influence.  In  the 
hot  summer  months  crystallization  is  incomplete,  and  even  no 
crystals  at  all  may  be  formed,  so  that  it  is  actually  advisable 
to  stop  operations  entirely  during  this  time.  On  the  other 
hand,  in  winter,  solutions  in  tanks  up  to  10,000  lbs.  capacity 
are,  according  to  the  prevailing  temperature,  converted  into 
crystals  in  ten  to  fourteen  days. 

Ammonia-soda  ash  of  98  to  100  per  cent,  is  now  largely 
used  for  the  manufacture  of  sal  soda,  but  it  does  unfortunately 
not  possess  the  property  of  yielding  crystals  of  sufficient 
solidity,  they  being  of  a  loose  structure  and  readily  crumble 
and  fall  to  pieces.  In  order  to  obtain  crystals  of  the  desired 
hardness  and  solidity  it  is  necessary  in  dissolving  the  soda  to 
add  small  quantities  of  Glauber's  salt.  As  the  latter  is  cheaper 
than  soda  ash,  an  addition  of  it  would  therefore  tend  to  cheap- 
ening the  finished  product.  This,  however,  is  only  apparently 
the  case,  as  the  quantity  required  is  very  small  and  has  to  be 
limited  to  what  is  absolutely  necessary,  because  Glauber*s  salt 
possesses  the  property  of  dissolving  particles  of  iron  from  the 
dissolving  and  crystallizing  tanks,  which  causes  a  red-brown 
coloration  of  the  soda  crystals,  rendering  them  unsalable. 
Furthermore,  only  small  portions  of  the  Glauber's  salt  pass 
into  crystallization,  the  greater  portion  of  it  remaining  in  the 
mother-liquor.  By  repeatedly  reusing  the  latter  and  the  con- 
tinual addition  of  Glauber's  salt,  the  liquors  become  then  so 
rich  in  the  latter  that  the  red  coloration  of  the  soda  finally 
makes  its  appearance,  the  yield  decreasing  at  the  same  time, 
while  the  residue  of  mother-liquor  constantly  becomes  larger. 
Hence  the  addition  of  Glauber's  salt  can  only  be  considered 
as  a  necessary  evil,  and  it  should  be  stopped  so  soon  as  the 
mother-liquor  is  noticed  to  become  rich  in  it.  For  the  first 
solutions  2  to  3  per  cent,  of  Glauber's  salt  at  the  utmost  suf- 
fices, and  if  the  first  mother-liquors  are  again  utilized,  the 
addition  of  it  should  be  reduced  from  2  to  1  per  cent,  and  be 
10 
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entirely  stopped  when  the  quantity  of  mother-liquor  becomes 
larger;  only  when  the  latter  is  again  normal,  additions  of  I 
per  cent.  Glauber's  salt  may  be  proceeded  with.  When  the 
red  coloration  of  the  soda  crystals  is  first  noticed  it  is  too  late 
to  stop  the  addition  of  Glauber's  salt,  because  the  coloration 
will  naturally  be  more  pronounced  in  the  crystallizing  tanks 
coming  into  operation  later  on,  since  the  action  of  the  salt 
upon  the  iron  becomes  constantly  stronger.  The  first  traces 
of  coloration  usually  appear  in  the  form  of  reddish-brown 
drops  adhering  to  the  uppermost  crystals.  The  latter  are  fre- 
quently covered  with  such  a  coat  while  the  interior  is  still 
colorless.  The  addition  of  If  to  2  ozs.  of  chloride  of  lime  to 
every  220  lbs.  of  soda  to  be  dissolved  has  to  a  certain  extent 
proved  to  be  a  precautionary  measure,  but  if  continually  used 
the  soda  readily  acquires  a  chlorine  odor  which  is  objectionable. 

•The  crystallizing  tanks  are  filled  nearly  up  to  the  edge,  and 
strips  of  hoop-iron  are  laid  in  all  directions  across  the  tank  so 
as  to  touch  the  surface  of  the  liquor.  On  this  frame  of  iron 
crystallization  commences,  and  assisted  by  it,  a  complete  crust 
of  crystals  is  soon  formed,  the  latter  growing  downwards  in 
the  liquor  and  frequently  attaining  a  length  of  more  than  11 
inches;  these  yield  the  best  product.  The  crystals  forming 
on  the  sides  of  the  tank,  which  have  to  be  detached  with 
chisels,  are  not  so  fine,  and  the  poorest  are  those  formed  on 
the  bottom.  To  prevent  contamination  M^ith  iron  the  tanks 
must  be  kept  bright  and  free  from  rust;  sometimes  they  are 
provided  with  a  coat  of  paint. 

In  manufacturing  on  a  large  scale  the  soda  crystals  are 
dried  by  means  of  a  hydro-extractor,  while  in  smaller  estab- 
lishments spreading  the  soda  upon  hurdles  or  a  clean  floor  will 
in  most  cases  suffice. 

The  mother-liquors  from  the  crystals  always  contain  sodium 
carbonate  and  the  more  of  it  the  higher  the  temperature  dur- 
ing crystallization  has  been.  In  addition  they  contain  all  the 
caustic  soda  and  the  greater  part  of  the  sodium  chloride  and 
sodium  sulphate  which,  as  a  rule,  only  to  a  slight  extent 
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crystallizes  together  with,  the  soda.  The  mother-liquors  are 
evaporated  in  pans  to  the  consistency  of  paste  and  then  cal- 
cined in  reverberatory  furnaces ;  they  yield  a  very  white,  but 
low-grade,  soda  salt. 

Sal  soda  is  frequently  adulterated  with  the  much  cheaper 
Glauber's  salt.  Such  adulteration  can  be  readily  detected  as 
follows :  Dissolve  a  small  quantity  of  the  soda,  acidulate  with 
hydrochloric  acid,  and  mix  with  barium  chloride  solution  ;  a 
thick  white  precipitate  indicates  the  presence  of  Glauber's  salt. 

Fine  9oda,  Under  this  name  a  variety  of  soda  consisting  of 
very  small  crystals  has  lately  come  into  favor.  It  has  the 
advantage  over  ordinary  sal  soda  in  pieces  of  dissolving  with 
much  greater  ease  and  allowing  of  better  packing.  According 
to  6.  Cofdes  it  is  prepared  as  follows :  Dissolve  in  a  kettle 
furnished  with  a  stirrer  high-grade  ammonia-soda  to  a  liquor 
of  36°  B.;  two  parts  water  and  one  part  soda  being  required 
for  this  purpose.  The  water  is  heated  by  steam  to  77°  F.  In 
dissolving  the  soda  is  spontaneously  heated  to  from  104°  to 
113°  F.,  except  when  it  has  absorbed  water  by  having  been 
stored  in  a  damp  place  and  has  become  hard  ;  in  this  case 
heating  has  to  be  somewhat  assisted  with  steam.  The  solu- 
bility of  soda  is  greatest  at  the  above  mentioned  temperature, 
it  dissolving  to  a  density  of  about  38°  B.  It  is  however  of 
greater  advantage  to  dissolve  only  to  a  density  of  only  36°  B. 
as  the  dirt  tlien  settles  better.  The  solubility  is  also  frequently 
lessened  by  the  presence  of  sodium  bicarbonate  (NaHCOj). 
In  the  presence  of  larger  quantities  of  this  salt,  the  accumula- 
tion of  which  is  due  to  the  repeated  use  of  the  precipitates  and 
mother-liquors,  a  very  whitish,  pasty  liquor  is  formed  which 
does  not  settle.  It  then  becomes  necessary  to  add  caustic 
soda  lye  whereby  the  sodium  bicarbonate  is  converted  into 
ordinary  soda  according  to  the  equation  : 

NaHCO,  +  NaOH  =  Na£!»0,  +  H,0. 

It  would,  however,  be  of  great  advantage  to  from  time  to 
time  remove  the  sediment  and  mother-liquor  and  use  them 
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for  the  saponification  of  fatty  acid.  Id  case  the  solution  does 
DO  loDger  yield  a  white  soda  after  the  sediment  has  been  sev- 
eral times  used,  a  small  quantity  of  calcium  chloride  solution 
has  to  be  employed. 

The  solution  must  thoroughly  settle  by  standing  over  night. 
The  dirty  top  cover  must  then  be  carefully  removed  or  the 
layer  between  scum  and  dirt  is  run  off  into  the  crystallizing 
tank.  This  has,  however,  to  be  done  in  small  portions,  as  the 
result  desired  is  only  attained  by  rapid  cooling.  For  crystal- 
lization wide,  shallow  tanks  provided  with  stirrers  and  open- 
ings which  can  be  closed  are  used.  Rapid  cooling  is  efi^ected 
by  an  exhauster,  and  the  formation  of  large  crystals  is  pre- 
vented by  the  stirrer.  When  crystallization  is  complete  the 
openings  in  the  bottom  of  the  tank  are  opened  and  the  crystals 
are  conveyed  by  the  stirrer  into  a  reservoir  beneath  the  tank. 
The  openings  are  then  closed  and  a  fresh  charge  of  liquor  run 
in,  the  operation  being  repeated  so  long  as  liquor  is  on  hand. 
The  crystals  in  the  reservoir  are  freed  from  moisture  in  a  cen- 
trifugal for  five  to  ten  minutes,  when  the  finished  product  may 
be  packed  in  bags  and  at  once  sent  to  market.  The  mother- 
liquor  collects  in  a  reservoir,  and  by  means  of  a  steam-jet 
pump  is  conveyed  to  the  dissolving  tank  to  be  again  utilized 
for  the  next  solution. 

CaiLStic  soda, — Under  this  name  is  understood  a  product 
consisting  chiefly  or  entirely  of  sodium  hydrate.  There  is  also 
found  in  commerce  a  soda  lye  which  is  shipped  in  carboys. 
For  many  evident  reasons  the  trade  in  this  article  is  not  very 
extensive,  consumers  generally  preferring  to  prepare  it  them- 
selves from  soda  ash  and  lime.  The  manufacture  of  solid  caustic 
soda  was  originally  introduced  into  England  in  1844  by 
a  German  named  Weissenfeld.  The  actual  commencement 
of  its  manufacture  on  a  large  scale  dates,  however,  from  about 
1853,  when  William  Gossage  took  out  a  patent,  which,  besides 
other  improvements  in  the  manufacture  of  soda,  included  the 
gaining  of  caustic  soda  from  soda  lyes  by  concentration  and 
without  the  use  of  lime.     The  caustic  soda  first  brought  into 
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commerco  was  colored  blue,  green,  yellow,  red,  etc.,  it  being 
only  in  1860  that  Ralston  succeeded  in  producing  the  white 
product  by  heating  the  caustic  soda  to  a  higher  temperature 
than  was  formerly  customary  i.  e.,  to  a  temperature  at  which 
the  iron  separates  as  oxide  and  the  clear  caustic  soda  is  left 
standing  over  it. 

Thompson,  in  1857  introduced  the  mode  of  packing  caustic 
soda  in  sheet-iron  drums,  which  is  still  in  general  use.  Pre- 
vious to  that  time  the  caustic  soda  was  poured  out  upon  iron 
plates,  when  cold  broken  up  into  pieces,  and  packed  in  barrels. 
This  was  very  unpleasant  work  in  the  execution  of  which  the 
soda  could  reabsorb  much  water  and  carbonic  acid.  For  the 
manufacture  of  caustic  soda,  soda  ash  was  formerly  in  many 
localities  dissolved  and  made  caustic  by  lime.  This  method 
being  now  too  expensive  has  been  almost  entirely  abandoned, 
and  the  crude  lye  obtained  in  the  lixiviation  of  crude  soda  is 
now  treated  with  lime.  The  lye,  before  being  made  caustic, 
must  he  thoroughly  clarified  and  a  good  quality  of  lime  has 
to  be  used.  The  crude  lye  is  diluted  with  water  to  a  density 
from  11°  to  13°  B.,  as  more  concentrated  solutions  cannot  be 
made  completely  caustic.  It  is  safe  to  go  as  high  as  13°  B., 
and  in  doing  so  less  water  has  to  be  evaporated.  Many  fac- 
tories even  go  as  high  as  15^  B.,  whereby  only  about  92  per 
«ent.  of  the  soda  is  made  caustic,  but  a  saving  in  coal  is 
effected.  The  lye  is  brought  to  boiling  and  the  lime  added 
with  constant  stirring.  It  is  best  to  use  quick  lime,  as  it  is 
immediately  slaked  on  being  added,  and  the  heat  developed 
thereby  saves  steam.  A  skilled  workman  can  judge  from  the 
manner  of  boiling,  the  color  of  the  liquid,  and  other  indica- 
tions when  a  sufiScient  quantity  of  lime  has  been  added  ;  this 
can,  however,  also  be  tested  by  filtering  a  sample  and  adding 
some  sulphuric  or  hydrochloric  acid,  whereby  no  efiervescence 
must  take  place.  The  entire  charge  can  then  be  either  drawn 
off  into  a  settling  vessel,  or  it  is  allowed  to  settle  in  the  pan 
itself,  which  requires  about  half  an  hour.  The  clear  lye  is 
then  gradually  drawn  off  and  pumped  into  vessels  for  complete 
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clarification.  Generally  a  second  operation  is  carried  on  in 
the  pan  without  removing  the  lime-slime.  The  pan  is  again 
charged  with  crude  lye  and  water,  the  contents  brought  to 
boiling  and  made  caustic,  somewhat  less  lime  being  required 
than  for  the  first  charge,  since  some  caustic  lime  remains  in 
the  slime.  After  the  clear  lye  is  drawn  ofi^,  the  lime-slime  is 
stirred  with  pure  water  to  a  thin  paste  and  brought  upon 
especially  constructed  filters.  The  filtrate  serves  for  the  dilu- 
tion of  the  crude  lye.  The  remaining  lime-slime  is  generally 
used  as  a  substitute  for  a  portion  of  the  quick  lime  for  a  fresh 
soda  mixture,  it  being  well  adapted  for  this  purpose,  as  it  is 
in  a  finely  divided  state  and,  besides  the  soda  contained  in  it, 
is  thus  utilized. 

The  caustic  soda  obtained  in  this  manner  is  still  in  a  state 
of  great  dilution.  Its  concentration  is  an  important  task,  as  it 
is  necessary  to  save  as  much  fuel  as  possible,  and  is  effected  in 
cast-iron  or  wrought-iron  pans.  For  the  production  of  a  60 
per  cent,  caustic  soda,  the  lye  is  evaporated  until  it  shows  37*^ 
to  38°  B.,  and  a  temperature  of  281°  F.  The  fire  is  then  with- 
drawn and  the  contents  of  the  pan  allowed  to  rest  for  clarifi- 
cation and  the  deposit  of  the  salts.  For  the  production  of  70 
per  cent,  caustic  soda  the  lye  is  concentrated  in  English  fac- 
tories to  about  42°  to  44°  B.  After  allowing  the  contents  of 
the  pan  to  settle,  the  clear  lye  is  drawn  off  into  clarifying  tanks 
and  the  remaining  salt  brought  by  a  perforated  scoop  into  a 
filter  to  be  returned,  after  draining  off,  to  the  soda  furnace. 
The  clear  lye  is  brought  into  an  iron  kettle,  generally  large 
enough  to  hold  ten  tons  of  caustic  soda,  and  the  fire  is  started. 
With  a  temperature  of  from  399°  to  420°  F.,  a  reddish  or  some- 
times a  blackish  froth  forms  on  the  surface.  In  most  factories 
manufacturing  60  per  cent,  caustic  soda  this  froth  is,  as  a  rule, 
removed  ;  it  is,  however,  absolutely  necessary  to  remove  it  for 
70  per  cent,  caustic  soda.  For  caustic  soda  of  less  concentra- 
tion it  is  advisable  to  interrupt  tiring  when  the  temperature 
has  reached  320°  F.,  so  that,  by  allowing  the  contents  of  the 
pan  to  clarify  once  more,  more  salts  may  separate  and  a  purer 
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lye  be  obtained.  Boiling  is  then  continued.  When  the 
liquor  has  reached  a  temperature  of  356°  F.,  it  already  con- 
tains 53  per  cent,  of  sodium  oxide  (nearly  equal  to  70  per  cent, 
of  caustic  soda)  and  hardens  completely  on  cooling.  It  is  now 
very  dark  and  of  a  syrupy  consistency,  and  shows  a  great  ten- 
dency to  boil  over.  This  is  prevented  by  the  workman  beat- 
ing the  surface  of  the  fluid  in  a  peculiar  manner  with  a  shovel, 
which  separates  the  froth.  When  the  mass  has  reached  a  tem- 
perature of  401°  F.  boiling  ceases  almost  entirely  and  but  little 
vapor  escapes,  though  the  mass  still  contains  nearly  20  per 
cent,  of  water.  At  about  460°  F.  the  mass  contains  almost 
exactly  60  per  cent,  of  sodium  oxide  =  77  J  per  cent,  of  caustic 
soda. 

At  this  stage  the  contents  of  the  pan  show  scarcely  any  mo- 
tion, and  a  gentle  bubbling  is  only  noticed  on  the  edge  of  the 
pan.  Small  quantities  of  caustic  soda  are  carried  along  by  the 
vapor  which  is  evolved  and  cause  a  very  unplieasant,  stinging 
sensation  upon  the  skin.  The  surface  of  the  mass  becomes 
coated  with  a  lustrous  froth  of  graphite,  while  reddish  salts 
separate  around  the  edge  of  the  kettle.  An  iron  lid  is  now 
placed  upon  the  kettle  and  a  hot  fire  kept  up.  When  the 
iDass  has  acquired  the  proper  temperature,  the  oxidation  of 
sodium  sulphide  still  present,  as  well  as  that  of  the  lower  oxi- 
dation-degrees of  sulphur,  is  completed  either  by  the. addition 
of  sodium  nitrate  or  recently  by  blowing  in  air.  A  sample  is 
then  taken  and  tested  as  to  its  alkalinity.  The  color  of  the 
mass  varies  from  light  brown  to  deep  red.  The  contents  of 
the  pan  are  now  allowed  to  clarify  in  the  pan  itself,  which 
generally  requires  eight  to  twelve  hours,  a  strong  fire  being 
kept  up  during  this  time.  The  quality  of  the  product  depends 
on  complete  clarification.  The  mass  is  then  run  into  sheet- 
iron  drums  ;  if  it  is  not  entirely  transparent  and  colorless  the 
solid  caustic  soda  will  also  show  defects.  The  sediment  in  the 
pan,  which  amounts  to  about  9  to  11  per  cent,  of  the  mass, 
is  generally  brought  into  iron  boxes  and,  after  cooling,  is 
broken  up  and  again  dissolved.     The  solution  is  brought  to 
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28^  B.,  allowed  to  settle,  and  the  clear  liquor  added  to  the 
crude  lye  to  be  rendered  caustic.  The  residue,  which  chiefly 
consists  of  ferric  oxide,  is  thrown  away. 

For  the  production  of  76  per  cent,  caustic  soda  it  is  prefer- 
able to  remove  the  sodium  sulphide  from  the  diluted  lyes,  in- 
stead of  waiting  to  the  end  of  the  operation.  This  is  best 
effected  by  a  suitable  metallic  oxide.  The  Greenbank  Alkali 
Works  Co..  that  first  introduced  caustic  soda  of  a  high  degree, 
and  furnish  at  the  present  time  an  excellent  product,  use 
plumbic  oxide  (or  litharge)  for  the  purpose. 

Commercial  grading  of  soda.  The  commercial  grading  of 
soda  varies  in  the  principal  countries  where  it  is  produced. 
In  Germany  it  is  graded  according  to  per  cents,  of  sodium 
carbonate,  in  England  according  to  per  cents,  of  actual  or 
available  soda,  and  in  France  according  to  the  test  of  Descroi- 
zilles  founded  upon  an  arbitrary  basis.  The  grading  according 
to  German  degrees  seems  to  be  the  most  rational  one  for  ordi- 
nary soda,  but  is  a  very  unfortunate  one  when  applied  to 
caustic  soda.  The  English  method,  according  to  per  cents,  of 
available  soda,  is  decidedly  the  best.  Under  available  soda  is 
understood  everything  that  acts  upon  the  test  acid,  because  in 
the  manufacture  of  soap  it  acts  in  the  same  manner  as  soda. 
In  France  these  degrees  are  called  Gay-Lussac's  degrees ;  they 
are,  however,  never  used  in  practice.  Pure  sodium  carbonate 
contains,  according  to  the  English  designation,  58.49  per  cent. 
As  sodium  oxide  is  understood  as  a  constituent  of  the  hydrate, 
it  is  perfectly  correct  to  apply  the  same  degrees  to  caustic  soda. 
If  an  Englishman,  therefore,  speaks  of  a  soda  of  52  per  cent, 
it  means  only  that  the  test  acid  neutralized  by  the  soda  cor- 
responds to  a  quantity  of  f^  of  the  weight  of  sodium  oxide 
used,  which  may,  however,  be  present  as  carbonate,  silicate, 
aluminate,  hydrate,  and  even  as  sulphate.  Unfortunately,  in 
practice  an  error  has  crept  into  this  otherwise  rational  desig- 
nation which  thus  far  has  only  been  partially  eradicated. 
The  old  incorrect  equivalent  of  sodium  of  32  is  still  used 
instead  of  31,  and  the  test  acids  have  been  regulated  accord- 
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ingly.  Thus  too  high  a  percentage  is  obtained,  which  does 
not  correspond  to  the  actual  percentage  of  sodium  oxide. 
Moreover,  there  is  a  further  difference  between  the  Tyne  and 
Lancashire  manufacturers,  the  former  basing  their  grading  on 
the  equivalent  of  sodium  carbonate  which  is  taken  at  54 
instead  of  53,  the  test  acid  being  prepared  so  that  1  liter  of  it 
saturates  54  grammes  of  pure  sodium  carbonate.     Pure  sodium 

carbonate,  with  this  test  acid,  therefore,  indicates 

54 

=  59.26  per  cent.,  instead  of  58.49  per  cent,  and  hence  0.77 
per  cent,  too  much.  Every  English  statement  of  degree  shows, 
therefore,  1.316  per  cent,  too  much  of  its  total  amount;  50  per 
cent,  of  actual  sodium  oxide  shows,  for  instance,  50  +  50  X 
0.0136  =  50.66  English  degrees,  as  calculated  by  the  Tyne 
manufacturers,  as  well  as  by  the  principal  commercial  analysts 
in  England.  In  Liverpool,  however,  a  practice  has  been 
gradually  established  which  is  not  even  based  upon  an  erro- 
neous equivalent,  but  simply  intended  to  deceive  the  con- 
sumer. It  is  there  customary  to  say :  **A8  the  *old'  equiv. 
alent  of  the  pure  sodium  carbonate  is  -^^  larger  than  the 
*  new,'  all  we  need  to  do  is  to  increase  our  per  cent,  figures 
found  according  to  the  actual  equivalent  by  ^^  in  order  to 
obtain  the  commercial  grading ;  hence  we  call  53  per  cent, 
sodium  oxide  54  per  cent."  It  may,  however,  be  stated  that 
certain  large  English  firms  send  out  their  soda  ash  according 
to  the  real  equivalent. 

The  most  irrational  of  all  methods  of  grading  is  that  ac- 
cording to  degrees  of  Descroizilles,  in  general  use  in  France. 
These  degrees  indicate  how  many  parts  of  pure  mono-hydrated 
sulphuric  acid  are  neutralized  by  100  parts  of  the  soda  ash  in 
question.  As  the  equivalents  of  sodium  carbonate  and  double 
oil  of  vitriol  are  as  53  :  49,  100  parts  of  pure  sodium  carbonate 
must  require  92.41  parts  of  mono-hydrated  sulphuric  acid,  and 
hence,  show  as  many  degrees  of  Descroizilles. 

To  avoid  the  tedious  calculation  of  one  method  of  grading 
into  the  other,  a  comparative  table  is  here  given  which  shows 
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the  actual  per  cents,  of  sodium  oxide  (Gay-Lussac's  degrees), 
of  sodium  carbonate  (according  to  German  and  English  de- 
grees), and  Descroizilles's  degrees. 


Gay- 
Luesac^s 
degrees. 


30 
31 
32 
38 
34 
36 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
60 
51 
:.2 
53 


German 
degrees. 


51.29 
53.00 
54.71 
56.42 
58.13 
59.84 
61.65 
63.26 
64.97 
66.68 
68.39 
70.10 
71.81 
73.52 
75.23 
76.94 
78.66 
80.37 
82.07 
83.78 
85.48 
87.19 
88.90 
90.61 


Englifih 
degrees. 


30.39 
31.41 
32.42 
33.43 
34.44 
35.46 
36.47 
37.48 
38.50 
39.51 
40.52 
41.54 
42.55 
43.57 
44.58 
45.59 
46.60 
47.62 
48.63 
49.64 
50.66 
51.67 
52.68 
53.70 


Descroi- 

Gay- 

zilles's 

Lnssac's 

degrees. 

degrees. 

47.42 

54 

49.00 

55 

50.58 

66 

52.16 

57 

53.74 

58 

55.32 

59 

56.90 

60 

58.48 

61 

60.06 

62 

61.64 

63 

63.22 

64 

64.81 

65 

66.39 

66 

67.97 

67 

69.55 

68 

71.13 

69 

72.71 

70' 

74.29 

71 

76.87 

72 

77.45 

73 

79.03 

74 

80.61 

75 

82.19 

76 

83.77 

77 

German 

English 

Deccroi- 

zilles's 

degrees. 

degrees. 

degrees. 

92.32 

54.71 

85  36 

H.03 

55.72 

86.93 

95.74 

56.74 

88.52 

97.45 

57.76 

90.10 

^9.16 

58.76 

91.68 

100.87 

59.77 

93.26 

102.58 

60.79 

94.84 

104.30 

61.80 

96.42 

106.01 

62.82 

98.00 

107.72 

63.83 

99.58 

109.43 

64.84 

101.16 

111.14 

65.85 

102.74 

112.85 

66.87 

103.32 

114.56 

67.88 

105.90 

116.27 

68.89 

107.48 

117.98 

69.91 

109.06 

119.69 

70.92 

110.64 

121.39 

71.93 

115.23 

123.10 

72.95 

113.81 

124.81 

73.96 

115.39 

126.52 

74.97 

116.97 

128.23 

75.99 

118.55 

129.94 

77.00 

120.13 

131.65 

78.01 

1 

121.71 

POTASH. 

• 

Commercial  potash  forms  a  mixture  of  salts,  the  principal 
constituent  of  which  is  potassium  carbonate.  When  calcined 
it  is  a  hard,  but  light,  porous,  granular  mass  of  a  white  color 
shading  into  pearl-gray,  yellowish,  or  bluish.  Separate  pieces 
frequently  show  blue  or  red  stains  upon  the  fracture.  The  red 
coloration  i^  due  to  ferric  oxide,  the  gray  to  admixed  particles 
of  coal,  and  the  blue  to  the  formation  of  a  small  quantity  of 
potassium  manganate  by  the  action  of  the  alkali  upon  man- 
ganic oxide.  Potash  has  a  strong  alkaline  taste  and  is  in- 
odorous. It  readily  dissolves  in  water,  a  considerable  quan- 
tity of  indissoluble  constituents  frequently  remaining  behind. 
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It  absorbs  moisture  from  the  air,  deliquescing  thereby.  Its 
solution  shows  an  alkaline  reaction.  It  melts  at  the  beginning 
of  a  red  heat. 

Four  varieties  of  potash  are  found  in  commerce :  1,  from 
wood  ashes ;  2,  from  the  residue  of  beet-root  molasses ;  8,  from 
wool  sweat  (suint) ;  4,  from  potassium  sulphate  according  to 
Leblanc's  process. 

Potash  from  wood-ashes. — The  industrial  manufacture  of  pot- 
ash from  wood-ashes  is  carried  on  only  in  countries  where 
wood  is  abundant,  as  in  Russia,  Illyria,  Hungary,  and  the 
United  States. 

The  process  of  manufacture  is  very  simple  and  may  be  di- 
vided into  five  operations :  1.  Incineration  of  the  plants ;  2. 
Lixiviation  of  the  ashes ;  3.  Evaporation  of  the  lye  ;  4.  Calci- 
nation of  the  crude  potash  ;  5.  Purification  of  the  potash. 

Little  need  be  said  about  the  incineration  of  the  plants.  The 
slower  the  combustion,  however,  the  more  ash  is  obtained. 
With  a  vigorous  combustion  not  only  a  considerable  portion 
of  the  ash  is  carried  off'  by  the  draught,  but  a  portion  of  the 
alkaline  salts  evaporates  on  account  of  the  high  temperature. 

The  object  of  liodviatingf  Uaching^  or  washing  the  ash  is  to 
separate  the  soluble  salts  from  the  insoluble.  The  former  con- 
sist chiefly  of  potassium  carbonate,  sulphate  and  chloride.  It 
is  not  indifferent  whether  leaching  is  effected  with  cold  or  hot 
water.  Potassium  carbonate  and  chloride  dissolve  readily  in 
cold  water,  potassium  sulphate,  however,  with  diflBculty.  By 
leaching,  therefore,  with  cold  water  less  potash  is  obtained,  but 
it  is  richer  in  potassium  carbonate.  But  potassium  sulphate, 
being  also  a  very  valuable  salt,  leaching  is  generally  effected 
with  hot  water. 

Lixiviation  is  mostly  carried  on  in  wooden  vats  about  3J 
feet  high  and  3J^  to  5  feet  in  diameter.  They  are  provided 
about  4  to  6  inches  above  the  actual  bottom  with  a  perforated 
bottom,  in  which  is  inserted  a  vertical  pipe  for  the  escape  of  air 
expelled  by  the  water,  which  otherwise  would  have  to  force  its 
way  through  the  ash.     To  prevent  insoluble  constituents  of 
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the  ash  from  being  carried  away,  the  perforated  bottom  is  cov- 
ered with  a  straw  mat,  or  with  a  layer  of  straw  several  inches 
thick,  over  which  is  generally  placed  a  piece  of  coarse  linen. 
On  one  side,  immediately  below  the  perforated  bottom,  the  vat 
is  provided  with  a  discharge-cock.  The  space  between  the  two 
bottoms  becomes  gradually  filled  with  fine  particles  of  ash 
passing  through  the  straw,  and  must,  therefore,  from  time  to 
time  be  cleansed. 

The  ash  is  first  moistened  with  water,  then  brought  in  small 
portions  into  the  vat  and  rammed  down.  Lixiviation  is  car- 
ried on  in  a  systematic  manner,  i.  c,  several  vats  are  placed 
together,  forming  what  is  termed  **a  battery."  The  lye  ob- 
tained is  of  a  brown  color,  due  to  organic  substances  extracted 
from  the  incompletely  carbonized  wood  by  the  potassium  car- 
bonate. The  residue  from  leaching  ashes  affords  a  valuable 
manure. 

The  evaporation  of  the  lyes  is  mostly  conducted  in  shallow 
cast-iron  kettles.  Alongside  these  kettles  are  placed  sheet-iron 
pans  which  are  heated  by  the  fire  under  the  kettles  and  serve 
for  preliminary  warming.  The  kettles  and  pans  being  filled, 
a  strong  fire  is  started.  The  evaporated  liquid  is  constantly 
replaced  by  fresh  liquor  from  the  pans.  When  the  liquor  has 
acquired  a  syrupy  consistency,  the  supply  of  fresh  liquor  from 
the  pans  is  interrupted  and  the  fire  moderated.  On  the  side 
of  the  kettle  a  salt  crust  separates,  which  becomes  thicker  and 
thicker  until  all  the  liquor  is  converted  into  a  dry  salt-cake, 
when  firing  is  entirely  discontinued.  After  sufficient  cooling 
the  brown,  hard  salt-cake  is  broken  out  by  means  of  a  hammer 
and  chisel.  This  crude  product,  containing  about  six  per 
cent,  of  water,  is  known  in  the  trade  as  crude  or  lump  potash. 
As  this  method  of  boiling  down  and  cutting  out  the  crude 
potash  must  evidently  cause  considerable  damage  to  the  iron 
pans,  the  operation  is,  in  some  instances,  conducted  in  a  some- 
what different  manner.  The  liquid  is  stirred  with  iron  rakes, 
and  the  salt,  instead  of  forming  a  hard,  solid  mass,  is  obtained 
as  a  granular  powder  containing  upwards  of  12  per  cent,  of 
water. 
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A  special  kind  of  potash,  consisting  chiefly  of  caustic  potash 
with  varying  quantities  of  potassium  carbonate,  is  produced  in 
this  country,  and  brought  into  commerce  under  the  name  of 
••  Red  American  Potash  "  or  "  stone  ash."  For  its  production 
the  crude  potash  liquor  is  heated  to  boiling,  and  a  quantity  of 
milk  of  lime  added  according  to  the  intended  degree  of  caus- 
ticity. The  carbonate  of  lime  formed  is  allowed  to  settle,  when 
the  clear  lye  is  drawn  off  and  evaporated  until  no  more  water 
escapes.  It  is  finally  heated  nearly  to  redness  in  the  evapo- 
rating pan  itself,  or  in  a  special  pan  of  thick  cast  iron,  in  order 
to  destroy  the  organic  substances  and  to  melt  the  potash.  The 
liquid  potash  is  then  ladled  out  with  a  sheet-iron  ladle  into 
cast-iron  boxes  to  congeal  to  a  stone-hard  mass  permeated  with 
bubbles.  The  product,  after  removal  from  the  boxes,  is  broken 
up  and  immediately  packed  into  tight  barrels.  It  is  always 
contaminated  with  ferric  oxide  and  has  a  dirty  red  or  brown 
color. 

The  object  of  calcining  the  crude  potash,  which  is  effected  in 
a  reverberatory  furnace,  is  to  remove  the  last  particles  of  water, 
and  specially  to  destroy  the  organic  substances  to  which  is  due 
the  brown  color. 

Potash  obtained  from  wood-ashes  is,  as  previously  men- 
tioned, chiefly  a  mixture  of  potassium  carbonate,  sulphate  and 
chloride.  For  some  applications  of  potash  these  three  are 
almost  of  equal  value,  as,  for  instance,  for  the  fabrication  of 
alum ;  for  most  purposes,  however,  the  content  of  potassium 
carbonate  is  the  valuable  portion.  Whether  the  article  is 
poor  or  rich  in  the  latter  can  be  recognized  by  the  behavior 
of  potash  on  exposure  to  the  air  in  an  open  vessel.  Potassium 
carbonate  is  a  very  deliquescent  salt,  absorbing  moisture  from 
the  air  with  avidity ;  if,  therefore,  potash  rapidly  becomes 
moist  on  exposure  to  air,  it  is  an  indication  of  its  being  rich 
in  potassium  carbonate. 

Potash  from  the  carbonized  residue  of  beet-root  molasses, — For 
many  years  wood-ash  was  the  only  source  of  potash.  But  of 
late  years  a  source  of  potash  has  been  found  in  the  residue 
from  the  distillation  of  beet-sugar  molasses. 
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The  residue,  in  case  it  contains  free  acid,  is  first  neutralized 
by  an  addition  of  calcium  carbonate.  It  is  then  evaporated 
to  dryness  and  the  residue  heated  until  carbonization  of  the 
organic  substances  is  effected. 

The  composition  of  the  carbonized  residue  varies,  but  may 
be  gleaned  from  the  following  approximate  analysis  : 

Potafisiam  carbonate 80  to  35  per  cent. 

Sodium  carbonate 18  to  20       <* 

Potassium  chloride 18  to  22       *' 

Potassium  sulphate. 6  to    8       *^ 

Insoluble  matter 28  to  16       ** 

In  the  insoluble  matter  are  contained  coal,  calcium  carbon- 
ate and  phosphate. 

While  the  carbonized  residue  is  mostly  manufactured  in  the 
molasses  distilleries  it  is  generally  refined  in  chemical  factories. 
The  process  is  very  simple,  it  being  based  upon  the  different 
proportions  of  solubility  of  the  various  salts.  In  many  fac- 
tories the  carbonized  residue  was  formerly  simply  lixiviated 
with  water,  and  the  liquor  thus  obtained  evaporated  to  dryness, 
100  pounds  of  carbonized  residue  yielding  by  this  process  45 
to  60  pounds  of  potash,  which  showed  50  to  60  alkalimetric 
degrees.  Much  of  this  kind  of  potash  was  brought  into  com- 
merce during  the  Crimean  war,  when  there  was  a  want  of 
Russian  potash,  and  contributed  much  to  the  disfavor  with 
which  the  article  was  considered  by  soap-boilers. 

At  the  present  time  a  separation  of  the  separate  salts  is  gen- 
erally effected  whereby  a  potash  is  obtained  containing  still  8 
to  15  per  cent,  of  sodium  carbonate,  which,  however,  can  be 
reduced  to  4  per  cent,  by  redissolving  and  re-evaporating. 

Potash  from  wool  sweat  (suint). — The  wool  of  sheep  is  satu- 
rated with  a  yellow,  fatty  substance,  the  so-called  sweat  or 
suint,  secreted  by  the  skin  of  the  animal.  It  consists  of  a 
combination  of  potassium  with  the  nitrogenous  acid  of  a  spe- 
cial fat,  which  is  partly  in  a  free  state  and  partly  combined 
with  earths  to  an  insoluble  soap,  and  of  small  quantities  of 
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potassium  carbonate  and  potassium  acetate,  alkaline  chlorides 
and  an  odoriferous  substance.     Its  content  of  sodium  is  small. 

In  order  to  reduce  the'  consumption  of  fuel  to  a  minimum 
it  is  necessary  in  working  suint  to  obtain  as  concentrated 
liquors  as  possible.  For  this  purpose  the  wool  is  pressed 
firmly  into  vats  and  lixiviated  with  water  in  such  a  manner 
that  all  the  water  passes  through  several  lots  of  wool  and  that 
each  separate  lot  of  it  is  several  times  washed,  finally  with  fresh 
water.  The  suint  solutions  are  then  evaporated  to  dryness, 
and  the  residue  obtained  thereby  is  heated  to  a  red  heat  in 
iron  retorts.  During  this  operation  a  large  volume  of  car- 
buretted  hydrogen  gas  and  ammonia  is  evolved,  which  is 
passed  through  a  purifying  apparatus  to  eliminate  the  am- 
monia and  to  render  the  gas  fit  for  illuminating  purposes. 
The  carbonized  residue  in  the  retort  contains  the  alkaline  salts 
which  are  obtained  by  lixiviation  with  water.  The  liquor 
thus  obtained  contains  carbonate,  chloride  and  sulphate  of  po- 
tassium, which  are  separated  from  each  other  by  evaporating 
the  liquor  and  crystallization. 

Potash  frora  potassium  sulphate. — While  the  previously  men- 
tioned sources  of  potash  are  limited,  its  manufacture  from 
potassium  sulphate  promises  to  become  a  branch  of  industry 
of  unlimited  extent.  Much  of  the  potash  salts,  which  find 
their  way  into  the  English  market,  are  derived  from  the  so- 
called  **  Strassfurt  salts,"  produced  from  the  alkaline  minerals 
found  in  enormous  quantities  in  the  valley  of  the  Bode  about 
twenty-five  miles  southwest  of  Magdeburg.  The  manufacture 
of  potash  from  potassium  sulphate  was  introduced  into  Ger- 
many, in  1861,  by  Vorster  &  Gruneberg,  of  Kalk,  near 
Cologne.  The  manufacture  of  potassium  chloride  is  based  on 
the  decomposition  of  carnallite  contained  in  the  raw  material, 
in  a  hot  saturated  solution,  potassium  chloride  crystallizing 
out,  and  magnesium  chloride  remaining  in  solution.  The  hot 
solution  is  brought  to  36J°  B.,  diluted  to  35°  B.,  run  into 
settling  tanks,  and  allowed  to  crystallize ;  these  crystals,  once 
refined,  are  almost  pure  potassium  chloride.     The  next  stages 
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of  the  process  are  almost  identical  with  those  of  the  Leblaiic 
soda  process,  the  raw  material  (potassium  sulphate)  being  ob- 
tained either  from  potassium  chloride  and  sulphuric  acid  by 
the  ordinary  sulphate  process,  or  by  decomposing  the  former 
with  magnesium .  sulphate  or  kieserite.  Equal  weights  of 
potasssum  sulphate  and  finely  divided  limestone  or  chalk,  to- 
gether with  varying  quantities  of  small  coal,  are  roasted 
together  in  a  reverberatory  furnace,  the  product  being  an  ex- 
ceedingly impure  potassium  carbonate.  When  decomposition 
is  complete,  the  molten  mass  is  raked  out,  broken  up  when 
cool,  and  lixiviated  in  tanks.  The  soluble  potassium  and 
soda  salts  are  thereby  dissolved  out  and  evaporated,  and 
then  calcined  in  a  small  reverberatory  furnace. 

A  carbonate  of  better  quality  is  produced  by  following  more 
closely  the  carbonating  operation  of  the  soda  process.  The 
liquors  from  the  tanks  are  evaporated,  the  potassium  chloride 
and  sulphate,  which  separate  out  during  the  concentration, 
being  skimmed  off,  and  sawdust  is  thrown  in.  The  dried  salts 
are  then  removed  to  the  carbonator  and  exposed,  at  first,  to  a 
gentle  heat,  which  is,  however,  finally  urged  to  redness.  By 
this  process  the  sulphur  compounds  are  oxidized  into  sulphate, 
and  the  caustic  potash  is  converted  into  carbonate.  The  chief 
object  of  the  sawdust  is  to  keep  the  mass  of  salt  open. 

Cavstic  potash, — This  article  has  for  a  number  of  years  been 
brought  into  commerce  by  the  Greenbank  Alkali  Works  Com- 
pany of  St.  Helens,  England,  and  its  manufacture  is  also  to 
some  extent  carried  on  in  Germany  and  other  countries.  The 
product,  however,  has  the  drawback  of  being  too  expensive, 
and  as  the  lye  prepared  by  the  soap-boiler  himself  comes  much 
cheaper,  it  is  seldom  used  except  perhaps  for  the  purpose  of 
increasing  the  strength  of  tank  lyes.  Caustic  potash  and 
caustic-potash  lye  are  now  also  produced  by  the  electrolytic 
process,  the  lye  having  a  density  of  50°  B.  and  contains 
48.4  per  cent,  potassium  hydrate  and  1.4  per  cent,  potassium 
carbonate.  The  caustic  potash  contains  9.0  per  cent,  potas- 
sium hydrate. 
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The  value  of  the  diflferent  varieties  of  soda  and  potash  de- 
pends on  their  content  of  pure,  effective  substance,  i.  e.,  of  al- 
kaline carbonate  or  caustic  alkali.  From  the  preceding  chapter 
it  will  be  readily  understood  that  the  quantity  of  effective  sub- 
stance varies  very  much  in  the  alkalies  found  in  commerce, 
and  that  the  value  of  a  particular  kind  of  soda  or  potash  can. 
therefore,  be  ascertained  only  by  determining  its  content  of 
pure  alkali. 

For  the  determination  of  the  value  of  soda  ash  or  soda  crvs- 
tals,  it  is  sufficient  to  ascertain  the  sodium  carbonate  by  the 
alkalimetric  method.  It  is,  however,  different  with  caustic 
soda,  where  it  is  above  all  required  to  know  how  much  caustic 
soda  it  contains.  By  directly  testing  caustic  soda  by  the  alka- 
limetric method  an  erroneous  result  is  obtained,  since  the 
larger  or  smaller  quantity  of  sodium  carbonate  always  con- 
tained in  it  is  also  determined  as  caustic  soda.  To  avoid  this 
error  the  sodium  carbonate  has  to  be  separated  previously  to 
titration,  which  is  readily  effected  by  means  of  barium  chlo- 
ride. By  adding  to  caustic  soda  solution  barium  chloride 
solution  a  white  precipitate  of  barium  carbonate  or  sulphate  is 
formed  in  the  presence  of  sodium  carbonate  or  sulphate,  while 
no  effect  whatever  is  produced  upon  the  caustic  soda.  For  the 
examination  of  soda  in  this  manner,  dissolve  a  weighed  quan- 
tity of  it  in  hot  water  and  add  barium  chloride  solution  until 
no  more  precipitate  is  formed.  When  all  the  precipitate  has 
settled  on  the  bottom,  filter  and  rinse  with  hot  water  until  the 
water  running  from  the  funnel  shows  no  alkaline  reaction. 
The  caustic  soda  in  the  filtrate  is  then  determined  by  the  alka- 
limetric method. 

II  (101) 
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With  potash  a  correct  result  is  never  obtained  by  a  mere 
alkalimetric  determination,  since  the  sodium  carbonate,  which 
is  never  wanting  even  in  the  best  potash,  is  then  also  calcu- 
lated as  potassium  carbonate.  The  error  resulting  in  this 
manner  is  the  more  serious,  as  sodium  carbonate  has  a  lower 
atomic  weight  than  potassium  carbonate  and  consequently  re- 
quires a  larger  quantity  of  acid  for  saturation.  If,  therefore, 
with  a  potash  containing  soda,  the  alkalimetric  degrees  found 
are  calculated  as  potassium  carbonate,  a  larger  sum  total  than 
the  quantity  of  the  two  alkaline  carbonates  together  amounts 
to  is  obtained.  Thus,  for  instance,  a  potash  which  contains  85 
per  cent,  potassium  carbonate  and  5  per  cent,  sodium  car- 
bonate shows  an  alkalimetric  content  of  91.62  per  cent.,  and  a 
j^otash  with  85  per  cent,  potassium  carbonate  and  8.6  percent, 
sodium  carbonate,  one  of  96.22  per  cent.  A  thorough  analysis 
is,  therefore,  required  for  the  determination  of  the  value  of 
potash,  and  as  this  requires  considerable  experience  in  such 
work,  it  is  best  to  employ  a  skilled  chemist. 

Alkalimetry. — The  testing  of  soda  and  potash  by  the  alkali- 
metric method  is  such  a  simple  process  that  it  can  be  readily 
learned  without  much  preliminary  knowledge  of  chemistry. 
To  make  the  processes  taking  place  in  the  execution  of  the  test 
clear  to  persons  without  chemical  knowledge,  it  will  be  neces- 
sary to  mention  a  few  chemical  laws. 

It  is  a  fact  determined  by  innumerable  experiments  and  con- 
firmed by  daily  experience,  that  by  two  bodies  acting  upon 
each  other,  a  third  body,  or,  as  it  is  called,  a  chemical  com- 
pound, is  formed  which  exhibits  properties  entirely  different 
from  those  of  either  of  its  constituents,  and  the  proportions  of 
weight  of  these  constituents  which  form  that  particular  com- 
pound admits  of  no  variation  whatever.  By  long-continued 
trituration,  for  instance,  of  mercury  and  sulphur,  cinnabar  is 
formed,  the  two  bodies,  however,  combining  only  in  the  pro- 
portion of  200  parts  by  weight  of  mercury  and  32  parts  by 
weight  of  sulphur.  Every  excess  of  mercury  or  sulphur  above 
this  proportion  fails  to  form  cinnabar,  the  excess  of  mercury  or 


TESTING   OF   SODA   AND   POTASH.  163 

sulphur,  as  the  case  may  be,  remaining  behind.  In  the  same 
manner  23  parts  by  weight  of  sodium  combine  with  35.5  parts 
by  weight  of  chlorine  to  common  salt.  The  numbers  which 
express  the  proportions  of  weight  in  which  bodies  form  com- 
binations are  called  atomic  weights.  By  careful  experiments 
chemists  have  determined  the  atomic  weight  of  every  body  and 
have  found  that,  for  instance,  the  atomic  weight  of  sodium  is 
23,  that  of  potassium  39,  that  of  calcium  40,  that  of  sulphur 
32,  that  of  chlorine  35.5,  that  of  carbon  12,  that  of  oxygen  16, 
that  of  hydrogen  1,  etc.  If,  therefore,  two  or  three  of  the  men- 
tioned bodies  form  a  combination,  it  is  done  in  the  proportions  of 
the  numbers  given.  To  this  must,  however,  be  added  that  the 
bodies  may  also  combine  in  the  proportions  of  twice,  three 
times,  or  four  times  the  above  numbers.  Water,  for  instance, 
is  a  combination  consisting  of  2  x  1  part  by  weight  of  hydro- 
gen and  16  parts  by  weight  of  oxygen.  Soda  or  sodium  car- 
bonate consists  of  three  bodies,  viz.,  2  X  23  parts  by  weight  of 
sodium,  12  parts  by  weight  of  carbon,  and  3  X  16  parts  of 
oxygen.  Hence  the  chemical  law :  When  two  or  more  bodies 
combine  chemically^  it  is  done  in  the  proportion  of  the  atomic 
weights  or  their  simple  multiples. 

This  most  important  of  all  chemical  laws  finds  application  in 
the  determination  of  the  constituents  of  various  bodies.  The 
branch  of  chemistry  which  occupies  itself  with  the  determina- 
tion of  the  constituents  of  bodies  is  called  "  chemical  analysis." 
There  are  two  methods  of  determining  the  quantity  of  a  body 
in  a  given  substance,  viz.,  gravimetric  analysis,  or  analysis  by 
weight,  and  volumetric  analysis,  or  analysis  by  measure  or 
process  of  titration  (analysis  by  means  of  standard  solutions). 
By  the  first  method  the  substance  to  be  examined  is  reduced 
to  forms  or  combinations  which  are  most  accurately  known  as 
regards  the  proportions  of  the  quantity  of  their  constituents 
and  admit  at  the  same  time  of  a  sharp  determination  of  weight. 
By  volumetric  analysis,  on  the  other  hand,  the  quantity  of  a 
body  is  found  by  reducing  it  from  a  determined  condition  into 
another  also  determined  condition,  by  the  assistance  of  a  liquid 
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of  known  effective  value  and  under  conditions  allowing  of  a 
plain  recognition  of  the  determination  of  the  reduction.  In 
alkalimetry  this  final  point  is  recognized  by  a  change  of  color. 

For  volumetric  determioatioDS  a  few  instruments  are  re- 
quired which  shall  be  briefly  described  as  follows : — 

For  the  preparation  of  the  test  liqaida  or  ^ndard  solvHom 
required  for  volumetric  analysis,  serves  a  flask,  Fig.  6,  which, 
up  to  a  mark  on  the  neck,  holds  exactly  1  liter  or  1000  cubic 
centimeters,  and  can  be  closed  with  a  glass  stopper.     There 

Fig.  6.  Pig.  7. 


are  also  flasks  of  the  same  shape  with  a 
capacity  of  500.  200,  and  100  cubic  centime- 
ters. For  measuring  out  small  quantities  of 
liquids  serve  a  burette  and  a  pipette,  the  latter 
a  glass  tube  of  the  form  as  shown  in  Fig.  7. 
It  is  filled  by  dipping  the  lower  end  into  the 
liquid  and  sucking  on  the  upper  with  the 
mouth  until  the  liquid  has  ascended  nearly  to 
the  top.  The  upper  end  is  then  quickly  closed 
with  the  index  finger  of  the  right  hand.  By 
slightly  lifting  the  finger,  the  liquid  is  then  allowed  to  flow 
off  by  drops  until  its  level  has  reached  a  mark  above  the 
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convex  expansion  when  it  will  contain  exactly  the  number  of 
cubic  centimeters  indicated  opposite  to  the  mark.  There  are 
pipettes  of  50,  20,  10,  5,  and  1  cubic  centimeters  capacity. 

The  burette  is  a  cylindrical  glass  tube  open  on  th^  top, 
graduated,  commencing  irom  the  top,  into  whole,  one-tenth 
and  one-fiftb  cubic  centimeters.  The  lower  end  of  the  tube  is 
drawn  out  to  a  somewhat  distended  point  so  as  to  allow  a 


Fig.  f 


Pig.  ( 


rubber  tube  to  be  drawn  over  it  and  securely  fastened.  In  the 
lower  end  a  glass  tube  drawn  out  to  a  fine  point  is  inserted. 
The  rubber  tube  is  compressed  in  the  centre  by  a  clip  or  com- 
pression stop-cock,  whereby  the  lower  end  is  closed.  Fig,  8 
shows  a  burette  secured  in  a  stand,  while  Fig.  9  shows  the 
lower  part  with  the  clip  on  a  larger  scale.     The  burette  is 
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filled  with  liquid  from  above  by  means  of  a  small  funnel.  By 
a  quick,  strong  pressure  upon  the  handle-joint  of  the  clip, 
some  liquid  is  then  allowed  to  flow  in  a  jet  into  a  vessel.  By 
this  the  tube  below  the  clip  is  filled  with  liquid  and  the  air 
contained  in  it  expelled.  By  a  slighter  or  stronger  pressure 
the  liquid  can,  after  some, experience,  be  ejected  in  drops  or  in 
a  stronger  jet.  The  number  of  cubic  centimeters  which  have 
been  allowed  to  flow  out  can  be  readily  read  ofl^  by  keeping 
the  surface  of  the  liquid  in  the  tube  on  a  level  with  the  eye. 

The  determination  of  efiective  substance  in  the  alkalies 
executed  with  the  assistance  of  the  above  instruments  is  based 
upon  the  following  consideration  :  Caustic  soda  lye  is  a  solu- 
tion of  caustic  soda  in  water.  By  mixing  some  caustic  soda 
lye  w:ith  (dilute)  sulphuric  acid  a  chemical  combination  takes 
place,  the  result  being  sodium  sulphate  (Glauber's  salt). 
Caustic  soda  and  sulphuric  acid  combine,  however,  only  in 
determined  proportions  of  weight,  namely,  40  parts  by  weight 
of  pure  caustic  soda  combine  with  49  parts  by  weight  of  con- 
centrated  sulphuric  acid.  Every  excess  of  caustic  soda  or 
sulphuric  acid  above  this  proportion  remains  caustic  soda  or 
sulphuric  acid  and  is  not  converted  into  Glauber's  salt.  Now 
caustic  soda,  sulphuric  acid,  and  Glauber's  salt  are  representa- 
tives of  three  classes  of  chemical  combinations  known  as  bases 
or  alkalies,  acids,  and  salts.  These  three  combinations  can  be 
distinguished  from  each  other  by  the  coloring  substance 
known  as  litmus,  a  solution  of  which  in  water  is  termed  lit- 
mus tincture.  By  coloring  water  blue  with  litmus  tincture 
and  adding  one  drop  of  sulphuric  acid,  the  liquid  turns  red ; 
it,  however,  becomes  blue  again  by  adding  caustic  soda  lye. 
But  salts,  such  as  Glauber's  salt,  do  not  change  the  color  of 
either  blue  or  red  litmus  tincture. 

This  action  of  the  alkalies  and  acids  upon  litmus  is  utilized 
for  our  purposes.  When  to  caustic  soda  solution  sufficient 
litmus  tincture  be  added  to  perceptibly  color  the  liquid  blue, 
and  to  this  blue  liquid,  carefully  and  with  constant  stirring, 
sulphuric  acid,  until  it  just  acquires  a  red  coloration,  then 
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exactly  that  quantity  of  sulphuric  acid  will  have  been  added 
which,  with  the  caustic  soda  present,  forms  Glauber's  salt,  i.  e., 
caustic  soda  and  sulphuric  acid  have  been  mixed  in  the  pro- 
portion of  40  :  49  parts  by  weight. 

Suppose,  now,  we  had  1  liter  of  dilute  sulphuric  acid  con- 
taining exactly  49  grammes  of  concentrated  sulphuric  acid 
and  1  liter  of  caustic  soda  lye,  containing  exactly  40  grammes 
of  caustic  soda  (these  solutions  are  known  as  standard  acid  solu- 
tion and  standard  alkali  solution),  by  pouring  these  two  liquids 
together  a  liquid  would  be  formed,  w^hich  contains  neither 
sulphuric  acid  nor  caustic  soda,  but  Glauber's  salt,  and  as  a 
proof  that  neither  one  of  them  is  present,  the  color  of  neither 
red  nor  blue  litmus  tincture  would  be  changed  by  an  addition 
of  any  of  the  liquid.  Likewise,  the  quantities  of  acid  and  alkali 
contained  in  100,  10,  or  1  cubic  centimeters  of  the  two  solu- 
tions would  be  just  sufficient  for  the  formation  of  Glauber's 
salt.  In  place  of  litmus  tincture  for  testing  a  substance  as  to 
whether  it  is  an  acid,  or  an  alkali  or  a  salt,  litmus  paper  may 
be  used.  It  is  white  unsized  paper  colored  blue  by  dipping 
it  into  litmus  tincture,  and  red  by  dipping  it  into  the  blue  solu- 
tion to  which  dilute  hydrochloric  acid  has  been  carefully  added 
until  the  color  has  just  changed  to  red  ;  an  excess  of  acid 
should  be  avoided.  For  use  the  paper  is  cut  up  into  strips. 
The  salt  solutions,  at  least  those  which  come  here  into  con- 
sideration, are  so  constituted  as  not  to  change  the  color  of  blue 
or  red  litmus  paper ;  they  show  a  neutral  reaction. 

From  what  has  above  been  said,  it  follows  that  by  adding 
to  a  large  quantity  of  caustic  soda  solution  1  liter  of  dilute  sul- 
phuric acid  containing  49  grammes  of  pure  sulphuric  acid,  this 
acid  combines  with  40  grammes  of  caustic  soda  to  form 
Glauber's  salt,  and,  further,  that  by  adding  only  yV»  tJttj  <>r 
Y^Tf  liter,  or  100,  10,  or  1  cubic  centimeters  of  acid,  tV»  j-hst 
or  YvW  P^rt  <>f  40  grammes  of  caustic  soda  is  converted  into 
Glauber's  salt.  By  adding,  therefore,  to  a  solution  of  caustic 
soda  of  unknown  content  of  the  above  standard  sulphuric  acid 
until  the  added  litmus  tincture  just  turns  red,  the  content  of 
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caustic  soda  can  be  deiermined  by  the  quantity  of  sulphuric 
acid  used.  If,  for  instance,  12.5  cubic  centimeters  of  standard 
sulphuric  acid  had  been  used,  and  as  one  cubic  centimeter  of 
acid  indicates  j^^jf  gramme  or  0.040  gramme  of  caustic  soda, 
the  liquid  would  contain  0.040  X  12.5  grammes  =  0.5 
gramme  of  caustic  soda. 

The  preparation  of  the  standard  sulphuric  acid  would  offer 
no  diflBculty  if  the  so-called  concentrated  sulphuric  acid  found 
in  commerce  were  pure  sulphuric  acid.  It  always  contains, 
however,  some  water,  though  the  quantity  is  so  trifling  that  for 
our  purposes,  where  the  highest  degree  of  exactness  is  not  de- 
manded, it  may  be  considered  as  sufficiently  pure.  In  every 
drug  store  can  be  found  sulphuric  acid  of  nearly  1.842  specific 
gravity,  which  is  the  specific  gravity  of  pure  acid.  If,  how- 
ever, it  cannot  be  obtained  of  this  strength,  it  can  be  readily 
brought  to  the  commercial  standard  by  carefully  adding 
fuming  or  Nordhausen  sulphuric  acid. 

Weigh  out  of  this  acid,  as  accurately  as  possible,  49  grammes, 
pour  it  into  the  liter  flask  (Fig.  6),  rinse  the  glass  in  which  it 
has  been  weighed  several  times  with  water,  and  pour  the  latter 
into  the  liter  flask.  Then  add  sufficient  water  to  fill  the  flask 
one-fourth  full  and  shake.  As  by  mixing  the  water  and  sul- 
phuric acid  the  liquid  becomes  heated,  allow  it  to  stand  for 
about  one  hour,  and  then  fill  the  flask  with  water  exactly  to 
the  mark  on  the  neck.  After  shaking,  close  the  flask  with  a 
glass  stopper  and  preserve  the  solution  for  use. 

As  the  standard  acid  solution  prepared  in  the  above  manner 
is  not  exactly  standard,  and  an  error  (at  the  utmost  of  J  per 
cent.)  may  be  made  in  the  determination  of  soda,  potash,  etc., 
oxalic  acid  is  used  for  the  preparation  of  the  standard  acid  so- 
lution in  place  of  sulphuric  acid,  where  the  highest  d.egree  of 
accuracy  is  required.  Pure  oxalic  acid  can  be  readily  pre- 
pared from  the  commercial  article  by  dissolving  J  pound  of  it 
in  as  little  hot  water  as  possible,  filtering  the  hot  solution  and 
allowing  it  to  stand  quietly  in  a  cool  place.  In  twenty-four 
hours  the  oxalic  acid  will  have  separated  in  acicular  crystals. 
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which  are  taken  from  the  water  and  spread  out  upon  blotting- 
paper  to  dry,  when  they  are  ready  for  use. 

Solution  of  oxalic  acid  behaves  towards  alkalies  in  the  same 
manner  as  sulphuric  acid,  40  grammes  of  caustic  soda  com- 
bining with  63  grammes  of  crystallized  oxalic  acid.  There- 
fore, to  prepare  the  solution,  weigh  out  63  grammes  of  crystal- 
lized oxalic  acid,  bring  it  into  the  liter  flask  and  pour  about  | 
liter  of  water  over  it.  After  effecting  the  solution  of  the  oxalic 
acid  by  shaking,  fill  the  flask  up  to  the  mark  on  the  neck  with 
water  and  close  it  with  a  glass  stopper. 

Besides  standard  acid  there  is  required  a  standard  caustic 
soda  solution  containing  40  grammes  of  caustic  soda  in  the 
liter.  The  preparation  of  this  solution  is  somewhat  more  dif- 
ficult, since  the  solid  caustic  soda  of  the  shops  is  by  no  means 
pure,  containing  varying  quantities  of  water.  It  is,  therefore, 
necessary  to  choose  a  roundabout  way  in  order  to  obtain  a 
caustic  soda  solution  with  an  accurately  determined  content  of 
caustic  soda.  For  this  purpose  dilute  about  300  cubic  centi- 
meters of  pure  caustic  soda  lye  with  about  500  cubic  centi- 
meters of  water.  Of  this  liquid  measure  out  into  a  glass,  by 
means  of  one  of  the  pipettes  previously  described,  10  centi- 
meters, color  with  blue  litmus  tincture,  and  dilute  with  about 
100  cubic  centimeters  of  water.  Then  add,  drop  by  drop,  by 
means  of  the  previously  described  clip  burette,  stirring  con- 
stantly, standard  acid,  until  the  liquid  acquires  a  distinctly 
red  color,  which  indicates  that  exactly  the  quantity  of  acid  re- 
quired for  the  neutralizati6n  of  the  caustic  soda  present  has 
been  added.  The  cubic  centimeters  of  acid  used  are  read  off 
on  the  burette.  Now  as  1  cubic  centimeter  of  acid  saturates 
exactly  0.040  gramme  of  cautic  soda,  the  quantity  of  caustic 
soda  contained  in  the  10  cubic  centimeters  of  caustic  soda  so- 
lution can  be  readily  found  from  the  quantity  of  acid  used  by 
multiplying  the  number  of  cubic  centimeters  used  by  0.040. 
Suppose  15.5  cubic  centimeters  of  acid  had  been  used,  10  cubic 
centimeters  of  the  above  caustic  soda  solution  would  contain 
as  much  caustic  soda  as  is  required  for  the  saturation  of  the 
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acid  in  the  15.5  cubic  centimeters  of  standard  acid.  Now,  in 
order  to  prepare  from  this  caustic  soda  solution  a  solution  suf- 
ficiently diluted  so  as  to  become  saturated  cubic  centimeter  for 
cubic  centimeter  with  the  standard  acid  solution,  10  cubic 
centimeters  of  it  must  be  sufficiently  diluted  to  make  15.5 
cubic  centimeters,  or  as,  10  :  15.5  ==  645  :  1000,  645  cubic  cen- 
timeters of  soda  lye  have  to  be  diluted  to  1000  cubic  centi- 
meters. These  645  cubic  centimeters  are  then  measured  but 
into  the  liter  fiask,  and  after  adding  water  up  to  the  mark  on  the 
neck,  the  flask  is  tightly  stoppered  and  the  contents  are  shaken. 

After  these  general  explanations  the  manner  of  testing  the 
alkalies  in  regard  to  their  eflFective  substance,  and,  therefore, 
their  real  value  to  the  soap-manufacturer,  by  means  of  the 
above-mentioned  standard  solutions,  will  be  given.  • 

For  the  determination  of  the  effective  substance  in  the 
alkalies,  a  determined  quantity  has  to  be  weighed  out ;  for 
soda  and  potash  this  is  best  done  as  follows :  Cut  out  two 
square  pieces  of  smooth  writing  paper  of  exactly  the  same 
size,  and  place  one  upon  each  dish  of  a  balance.  Upon  one 
paper  place  the  weight  and  upon  the  other  bring  the  substance 
to  be  weighed  in  small  pieces  until  the  equilibrium  is  restored. 
Caustic  soda  and  caustic  potash  can  be  weighed  in  the  same 
manner,  but  they  being  very  hygroscopic,  which  augments 
their  weight,  it  must  be  done  in  a  dry-room,  and  as  quickly 
as  possible.  It  is  best,  however,  to  weigh  them  inclosed  in 
small  glass-tubes  tightly  stoppered. 

Next  dissolve  the  quantity  weighed  out  in  about  100  to  150 
cubic  centimeters  of  water,  color  the  solution  blue  with  some 
litmus  tincture,  then  add  by  means  of  the  clip  burette  stand- 
ard acid  until  the  liquid  acquires  a  distinctly  red  color,  and 
read  off  the  quantity  of  acid  used. 

For  the  examination  of  caustic  soda  it  is  best  to  weigh  out 
4  grammes  and  proceed  as  above.  As  each  cubic  centimeter 
of  standard  acid  used  indicates  0.04  gramme  of  caustic  soda 
in  the  substance  under  examination,  each  cubic  centimeter 
used,  calculated  to  per  cents.,  indicates  1  per  cent,  caustic  soda. 
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To  draw  a  simple  conclusion  as  regards  the  per  cent,  con- 
tent of  a  caustic  potash  from  the  number  of  cubic  centimeters 
of  acid  used,  it  is  best  to  weigh  out  5.6  grammes,  each  cubic 
centimeter  used  indicating  then  1  per  cent,  of  caustic  potash. 
For  the  determination  of  caustic  soda  or  caustic  potash  in  a 
soda  lye,  weigh  out  of  the  former  in  a  small  beakei  0.4  gramme 
and  of  the  latter  5.6  grammes,  pour  the  lye  into  a  larger  beaker, 
dilute  with  100  to  150  cubic  centimeters  of  water,  add  litmus 
tincture,  and  then  standard  acid  until  the  liquid  acquires  a 
distinctly  red  color.  For  each  cubic  centimeter  of  standard 
acid  1  per  cent,  of  eflFective  substance  is  then  to  be  allowed  for 
in  the  calculation. 

Namely,  as  40  grammes  of  caustic  soda  and  56  grammes  of 
caustic  potash  combine  with  49  grammes  of  sulphuric  acid  and 
63  grammes  of  oxalic  acid,  each  cubic  centimeter  of  standaid 
acid  indicates  0.04  gramme  of  caustic  soda  and  0.056  gramme 
of  caustic  potash  ;  100  cubic  centimeters,  therefore,  respectively 
4.0  and  5.6  grammes.  If,  now,  in  4.0  grammes  of  solution  or 
solid  substance  used  are  4.0  grammes  of  caustic  soda,  it  w^ould 
indicate  a  pure  substance  or  100  percent.  Hence  it  follows 
that  if,  for  example,  only  15  or  65  cubic  centimeters  of  stand- 
ard acid  are  used,  only  15,  or  65  per  cent,  of  pure  substance 
is  contai)ied  in  the  sample  under  examination,  i.  e.  the  num- 
ber of  cubic  centimeters  used  gives  at  once  the  content  in  per 
cents. 

For  the  determination  of  the  value  of  soda  or  potash  the 
process  varies  somewhat  from  the  above.  By  adding  to  a  solu- 
tion of  alkaline  carbonate  litmus  tincture,  the  liquid  acquires 
a  blue  color.  By  adding  acid,  carbonic  acid  escapes,  which, 
however,  remains  partly  dissolved  in  the  liquid  and  colors  the 
litmus  tincture  red.  The  quantity  of  acid  required  for  the 
decomposition  of  the  alkaline  carbonate,  therefore,  cannot  be 
recognized  by  the  change  of  color.  The  object  is,  however, 
attained  as  follows:  Add  sufficient  acid,  so  that  the  liquid 
shows  a  deep  red  coloration,  and  boil,  whereby  the  carbonic 
acid  is  entirely  expelled.     If  after  a  few  minutes'  boiling  the 
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liquid  still  remaius  red,  an  excess  of  acid  has  been  added. 
Now  the  standard  soda  solution,  prepared  as  previously  de- 
scribed, is  so  constituted  that  1  cubic  centimeter  of  it  exactly 
neutralizes  1  cubic  centimeter  of  acid ;  by  adding,  therefore, 
to  the  liquid  freed  from  carbonic  acid  by  boiling,  standard 
soda  solution  until  the  red  color  just  passes  into  blue,  exactly 
as  many  cubic  centimeters  of  it  will  have  been  used  as  cubic 
centimeters  of  acid  had  been  added  in  excess.  By  deducting 
these  cubic  centimeters  of  standard  soda  solution  from  the 
cubic  centimeters  of  standard  acid  originally  used,  the  exact 
quantity  of  standard  acid  required  for  the  saturation  of  the 
alkaline  carbonates  is  obtained. 

As  53  grammes  of  sodium  carbonate  combine  with  49 
grammes  of  pure  sulphuric  acid  or  63  grammes  of  oxalic  acid, 
it  is  best  to  weigh  out  5.3  grammes  of  soda,  place  them  in  a 
small  flask  of  about  200  cubic  centimeters'  capacity,  pour  in 
water,  and  then  heat.  When  the  soda  is  dissolved,  color  blue 
with  litmus  tincture  and  add,  by  means  of  the  clip  burette, 
standard  acid  until  the  liquid  acquires  a  deep  red  color. 
After  continuing  the  boiling  for  a  few  minutes,  the  liquid 
should  still  show  a  deep  red  coloration.  Then  add,  by  means 
of  the  clip  burette,  standard  soda  solution,  drop  by  drop,  until 
the  liquid,  after  shaking,  just  acquires  a  blue  color.  Deduct 
the  quantity  of  standard  soda  solution  used  from  the  quantity 
of  standard  acid  solution  added ;  the  number  of  cubic  centi- 
meters obtained  gives  the  content  of  pure  sodium  carbonate 
in  per  cents. 

For  the  examination  of  potash  by  volumetric  analysis, 
weigh  out  6.9  grammes,  since  69  grammes  of  potassium  car- 
bonate are  neutralized  with  49  grammes  of  sulphuric  acid,  and 
proceed  in  the  same  manner  as  given  for  soda.  Each  cubic 
centimeter  of  standard  acid  used  for  neutralization  indicates  1 
per  cent,  of  potassium  carbonate. 

To  those  not  having  a  balance  for  accurately  weighing  4, 
6.3,  and  6.9  grammes,  it  is  recommended  to  weigh  out  larger 
quantities,  namely,  40  grammes  of  caustic  soda,  53  of  calcined 
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or  crystallized  soda,  and  69  of  potash,  and  dissolve  in  suflScient 
water  for  the  solution  to  make  exactly  1  liter.  For  the  execu- 
tion of  the  test  take  of  this  solution,  by  means  of  a  pipette, 
exactly  100  cubic  centimeters,  when  each  cubic  centimeter  of 
standard  acid  used  will  correspond  to  1  per  cent,  of  caustic 
soda  or  sodium  carbonate  or  potassium  carbonate. 

Standard  solutions,  already  prepared,  can  generally  be  had 
in  almost  all  large  drug  stores  at  moderate  prices. 

Of  the  standard  acid  solutions — 

1  cubic  centimeter  =  0047  grammes  of  potassium. 


=  0.a56 
=  0.069 
=  0.031 
=  0.040 
=  0.053 


caustic  potash, 
potassium  carbonate, 
sodium, 
caustic  soda, 
sodium  carbonate. 


Of  the  standard  alkaline  solutions — 

1  cubic  centimeter  =  0.064  grammes  of  oxalic  acid. 

=  0.040        "  sulphuric  acid. 

=  0.049        '^  concentrated  sulphuric  acid. 

In  the  directions  given  above  litmus  tincture  has  been  pre- 
scribed as  an  indicator  because  it  is  best  known.  Its  use  for 
this  purpose  has,  however,  the  drawback  that,  if  the  alkali  solu- 
tion compounded  with  standard  acid  solution  contains  car- 
bonic acid,  it  has  to  be  boiled  until  the  latter  is  entirely  ex- 
pelled, and  the  addition  of  acid  has  to  be  continued  until  after 
continuous  boiling  the  color  remains  pure  red.  The  use  of 
methyl-orange  is  more  convenient  and  more  rapid.  Its  solu- 
tion in  water  is  yellow,  turning  red  when  an  acid  is  added. 
Carbonic  acid  does  not  act  upon  it,  and  titration  can,  and  even 
should,  be  effected  cold.  Enough  methyl-orange  solution  is 
added  to  the  lye  to  produce  a  just  perceptible  pale  yellow  color- 
ation ;  acid  is  then  added,  whilst  shaking  constantly,  till  the 
yellow  color  passes  into  a  purple-red.  The  reverse  change 
takes  place  with  the  same  sharpness  in  titrating  acids  with 
free  alkalies  or  even  with  alkaline  carbonates.     For  titrating 
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alkali  solutions  with  methyl-orange  as  an  indicator  sulphuric 
acid  has  to  he  used,  oxalic  acid  not  being  available  for  this 
purpose. 

Phenolphthaleiu  is  an  excellent  indicator  for  solutions 
which  only  contain  caustic  alkalies.  If  an  alcoholic  solution 
of  it  be  added  to  a  fluid  having  an  acid  reaction,  it  remains 
colorless ;  if,  however,  the  smallest  quantity  of  alkali  be  added 
to  phenophthalein  solution,  the  fluid  at  once  acquires  an  in- 
tense rose  color.  The  change  to  red  is  so  sudden  as  to  leave 
no  room  for  deception  as  is  possible  with  the  gradual  change 
of  the  litmus  tincture  from  red  to  blue.  However,  phenolph- 
thaleiu has  the  same  drawback  as  litmus,  that  the  red  color  does 
not  appear  in  the  presence  of  carbonic  acid  and  the  latter  has 
to  be  expelled  by  boiling.  It  must  also  be  mentioned  that 
ammonia  does  not  produce  a  I'ed  coloration  in  phenolph- 
thaleiu solution. 

Talcing  a  sample  for  analysis, — For  the  examination  of  soda 
or  potash,  or  of  any  other  commercial  article,  it  is  necessary  to 
procure  an  average  sample.  For  this  purpose  take  from  every 
barrel  or  drum  a  sample  weighing  about  three-quarters  to  one 
pound  and  put  it  into  a  barrel.  The  latter  should  be  tightly 
covered  to  prevent  the  original  composition  of  the  samples 
from  suffering  a  change  by  the  evaporation  or  absorption  of 
moisture. 

When  a  sample  has  been  taken  from  all  the  barrels  or  drums, 
turn  the  barrel  containing  them  over  on  a  level,  hard,  clean 
surface,  and  mix  the  mass  by  spreading  it  out  uniformly  in  a 
shallow  layer  and  reforming  it  into  a  pile  in  the  center,  care- 
fully repeating  the  operation  several  times.  From  the  mix- 
ture thus  finally  obtained  make  up  a  sample  by  combining 
small  portions  from  every  part  of  the  mass  spread  out  over  the 
surface.  This  sample  is  then  again  manipulated  in  the  same 
manner  as  the  original  large  sample,  and  then  distributed  into 
several  bottles  tightly  corked  and  sealed.  This  distribution 
into  several  bottles  is  advisable  in  order  to  have  evidence  in 
case  of  dispute.     Taking  the  samples  and  all  other  operations 
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connected  with  it  must  of  course  be  effected  as  rapidly  as  pos- 
sible to  avoid  the  danger  of  the  sample  suffering  a  change  by 
the  absorption  of  moisture  or  by  evaporation.  For  actual  use 
the  samples  have  to  be  further  pulverized  and  mixed. 

When  taking  the  first  average  sample  of  substances  consist- 
ing of  a  mixture  of  large  and  small  pieces,  care  must  be  taken 
to  preserve  the  same  proportions  as  in  the  original.  After 
mixing  the  various  samples,  crush  the  large  pieces,  again  mix 
the  whole,  and  finally  take  a  small  sample  from  every  portion 
of  the  mass.  This  sample  is  pulverized  and  pre- 
served as  above  described.  •  ^^' 

Where  there  is  a  large  number  of  barrels,  so  that  the 
taking  of  a  sample  from  each  barrel  would  be  tedious 
and  time-consuming,  a  sample  is  taken  from  every 
third,  fourth,  fifth,  or  tenth  barrel,  according  to  the 
number,  and  the  samples  mixed  in  the  previously  de- 
scribed manner.  For  taking  samples  from  barrels  it 
is  best  to  use  the  instrument  shown  in  Fig.  10.  After 
boring  by  means  of  a  center-bit  a  hole  about  twelve 
inches  wide  in  the  head  of  the  barrel,  the  instrument 
is  forced  with  a  screw-like  motion  as  far  as  possible 
into  the  barrel,  whereby  the  concavity  becomes  filled 
with  portions  of  the  various  layers  of  the  contents. 
The  instrument  is  then  withdrawn  without  turning.  It  should 
be  always  kept  bright  and  free  from  rust. 

Sample-taking,  as  previously  mentioned,  should  be  done  as 
quickly  as  possible..  Samples  of  potash  and  similar  sub- 
stances, which  are  hygroscopic,  but  do  not  attack  the  human 
skin  in  the  same  degree  as  caustic  alkalies,  are  best  taken  by 
pushing  the  hand  as  deeply  as  possible  into  the  barrel. 

In  taking  samples  of  caustic  alkalies  care  must  be  chiefly 
had  to  break  up  large  pieces  and  take  portions  from  the  center, 
or  to  scrape  off  the  external  crust  and  use  the  inner  portions. 
This  is  necessary,  because  the  surfaces  of  caustic  alkalies  gen- 
erally undergo  considerable  changes  by  the  absorption  of 
moisture  and  carbonic  acid  and  their  consequent  conversion 
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into  carbonates.  It  must  further  be  taken  into  consideration 
that  the  alkalies  do  not  always  show  the  same  content  in  all 
portions  of  the  drums.  This  is  due  to  the  fact  that  the  foreign 
salts,  etc.,  which  contaminate  the  product  are  not  separated 
uniformly  with  the  congealing  alkali,  but  remain  longer  in 
solution  and  accumulate  in  the  central  portion  of  the  drum 
which  congeals  last.  The  best  average  sample  is,  therefore, 
obtained  by  taking  pieces  from  the  bottom  and  sides  of  the 
drum. 


CHAPTER  VIII. 

AUXILIARY    RAW    MATERIALS. 

WaJter, — Water  (H9O)  plays  a  prominent  and  indispensable 
part  in  the  manufacture  of  soap,  and  may  well  be  called  a  raw 
material.  In  a  pure  state  it  is  tasteless  and  inodorou  ,  and 
colorless  in  small  bulk,  but  has  a  greenish  or  blue  color  when 
viewed  in  bulk.  It  is  an  exceedingly  bad  conductor  of  elec- 
tricity of  low  electromotive  force.  It  attains  its  greatest  den- 
sity towards  40^  F.,  freezes  at  32^  F.,  expanding  thereby  by 
iV  of  its  volume,  and  forms  in  this  respect  an  exception  to  the 
general  law  that  bodies  contract,  i.  6.,  decrease  in  volume,  the 
more  they  are  cooled.  It  boils  under  the  ordinary  pressure  at 
or  near  212^  F.     It  evaporates  at  all  temperatures. 

Water  is  a  solvent  for  bodies  of  the  most  varying  nature. 
The  quantities  of  such  bodies  which  dissolve  are,  as  a  rule,  de- 
pendent at  the  temperature  at  which  solution  takes  place,  more 
being  generally  dissolved  hot  than  cold.  A  solution  saturated 
when  hot,  i.  6.,  one  which  at  this  temperature  is  incapable  of 
taking  up  more,  again  deposits,  on  cooling,  a  portion  of  the 
dissolved  substance,  and  is  then  called  cold  saturated.  Some 
substances  are  to  such  extent  soluble  in  water  that  they  even 
withdraw  aqueous  vapor  from  the  atmosphere  in  order  to  dis- 
solve in  it.  Such  substances  liquefy  in  the  open  air,  and  are 
called  deliquescent.  On  the  other  hand,  some  substances  con- 
taining water  yield  the  latter  to  air  not  saturated  with  moisture 
and,  while  originally  crystallized,  decompose  to  powder.  They 
are  called  efflorescent. 

Gases  are  also  soluble  in  water  or,  as  it  is  generally  termed, 
are  absorbed  by  it.     The  solubility  of  gases,  however,  varies 
very  much  and  is  dependent  on  the  temperature  and  the  pres- 
12  (177) 
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sure  upon  the  water.  The  solubility  of  a  gas  in  water  is  the 
greater,  the  lower  the  temperature  of  the  water,  and  the 
greater  the  pressure  exerted  upon  the  solution  by  the  gas  not 
absorbed. 

Water  as  found  in  nature  always  contains  partly  in  a  finely 
divided,  or  in  a  dissolved  state,  varying  quantities  of  sub- 
stances with  which  it  comes  in  contact.  Rain-water,  the  purest 
Wm  of  natural  water,  contains  traces  of  ammoniacal  salts  and 
other  impurities  which  it  collects  from  the  atmosphere  during 
its  descent.  So  soon  as  it  reaches  the  earth  it  begins  to  dis- 
solve small  portions  of  various  solid  materials  with  which  it 
comes  in  contact.  The  waters  of  wells,  springs  and  rivers 
diflTer  very  much  from  each  other,  according  to  the  nature  of 
the  layers  of  rock  and  earth  over  or  through  which  they  have 
passed,  and  from  which  they  dissolve  a  great  variety  of  sub- 
stances, such  as  sodium  sulphide  and  chloride,  magnesium  sul- 
phate and  carbonate,  calcium  sulphate  and  carbonate,  carbonic 
acid,  silica,  etc. 

Of  the  above  constituents  held  in  solution  by  water  the  car- 
bonates and  sulphates  of  lime  and  magnesia  are  the  most  in- 
jurious ones  for  most  purposes. 

Household  experience  has  established  a  classification  of  the 
waters  from  natural  sources  into  soft  and  fiard  waters,  a  divi- 
sion which  depends  chiefly  upon  the  manner  in  which  they 
act  upon  soap.  Hard  water  yields  a  lather  with  soap  only 
after  the  whole  of  the  calcium  and  magnesium  salts  have  been 
thrown  down  from  the  water  in  the  form  of  an  insoluble  lime- 
soap.  This,  of  course,  causes  a  considerable  loss  in  large 
establishments  where  a  great  deal  of  soap  is  used,  since  the 
lime-soaps  formed  are  insoluble  and  act  neither  mechanically 
nor  chemically. 

This  peculiar  property  which  water  acquires  by  the  presence 
of  calcium  and  other  salts  is  termed  hardness.  The  simplest 
means  to  determine  the  hardness  of  a  natural  water  is  bv  a 
solution  of  1  part  of  pure  fatty  acid  soap  in  100  parts  of  highly 
rectified  alcohol,  and  adding  150  parts  of  water.     By  adding 
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some  of  this  reagent  to  distilled  water  the  mixture  remains 
clear,  and  on  shaking  yields  a  lather  which  stands  four  or  five 
minutes.  If  the  water,  however,  contains  lime  or  magnesia, 
or  both,  a  turbidity  caused  by  calcium  or  magnesium  oleate 
appears,  which  is  the  greater  the  larger  the  amount  of  these 
mineral  substances  in  the  water ;  but  with  very  hard  water 
caseous  flakes  are  formed.  On  shaking,  no  permanent  lather 
is  formed  until  suflScient  of  the  above-mentioned  soap  solution 
has  been  added  to  decompose  the  whole  of  the  calcium  and 
magnesium  salts,  and  the  soap  solution  somewhat  predomi- 
nates. 

A  simple  remedy  for  hard  water  is  a  solution  of  silicate  of 
soda  of  20®  B.,  5  per  cent,  of  which  added  to  the  water  will 
cause  the  lime,  etc.  to  precipitate  and  leave  the  water  suffi- 
ciently pure  for  use.  In  the  preparation  of  alkaline  lyes  this 
is  effected  spontaneously  as  the  free  carbonic  acid  in  the  lime 
is  precipitated  on  causticizing  with  lime. 

For  technical  purposes  turbid  and  impure  water  can  be 
purified  by  allowing  it  to  stand  and  by  subsequent  filtration 
through  sand.  Substances  dissolved  in  the  water  are,  how- 
ever, not  removed  by  filtration.  Perfectly  pure  water  can 
only  be  obtained  by  distillation,  i.  e,  by  heating  the  water  to 
boiling  and  again  condensing  in  a  suitable  apparatus  the 
steam  to  water. 

In  the  manufacture  of  soap  the  constitution  of  the  water  ex- 
erts no  material  influence.  It  chiefly  serves  for  dissolving  the 
alkalies.  If  caustic  alkali  is  dissolved  in  water  containing  car- 
bonic acid,  an  equivalent  quantity  of  the  alkali  is  converted 
into  alkaline  carbonate  and  hence  is  no  longer  capable  of  sa- 
ponifying neutral  fats.  If  water  containing  carbonic  acid  is 
used  in  the  preparation  of  lye,  an  equivalent  quantity  of 
caustic  alkali  is  converted  into  carbonate  of  lime,  becoming 
thereby  inefiective.  This  is,  how-ever,  of  little  importance, 
since  an  excess  of  lime  is  always  added.  If  water  containing 
gypsum  be  employed  for  the  preparation  of  lye,  the  gypsum 
(sulphate  of  lime)  is  converted  with  the  alkaline  carbonates. 
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carbonate  of  lime  and  alkaline  sulphate  being  formed,  which 
are  ineflfective  for  the  saponification  process. 

Lime, — Burnt  lime  or  quick  lime  (CaO)  is  the  monoxide  of 
the  metal  calcium.  Neither  the  metal  itself  nor  its  oxide  oc- 
curs as  such  in  nature,  though  compounds  of  the  metal  with 
acids  are  very  abundant  and  are  widely  distributed.  Among 
them  may  be  enumerated  the  carbonate,  which  exists  as  chalk, 
limestone,  marble,  calc-spar,  etc.,  the  sulphate  as  gypsum  and 
selenite,  the  fluoride  as  fluor-spar,  and  the  phosphate  as  apa- 
tite and  bone-earth. 

Water  containing  carbonic  acid  coming  in  the  interior  of 
the  earth  in  contact  with  lime  salts,  becomes  hard  water  by 
the  absorption  of  calcium  carbonate  and  sulphate.  From  the 
water  the  lime  combinations  reach  the  plants,  and  from  them 
and  the  water  the  animal  organism.  The  ash  of  plants  con- 
tains calcium  carbonate,  phosphate  and  sulphate;  the  shells  of 
eggs,  oysters,  etc.,  consist  almost  entirely  of  calcium  carbonate ; 
and  bones  contain  about  half  their  weight  of  calcium  phos- 
phate and  carbonate. 

By  heating  calcium  carbonate  (CaCOs)  to  from  1140°  to 
1482°  F.  the  carbonic  acid  is  expelled,  while  calcium  monox- 
ide remains  behind.  Upon  this  is  based  the  process  of  lime- 
burning.  With  too  high  a  temperature  the  small  quantity  of 
silica  and  alumina  contained  in  the  limestone  becomes  sintered 
over  the  surface,  which  prevents  the  escape  of  the  carbonic 
acid  ;  such  lime  is  called  overhurnL  Notwithstanding  the  con- 
siderable loss  of  weight  (over  40  per  cent.)  the  calcium  car- 
bonate suffers  by  burning,  its  bulk  does  not  decrease  to  any 
extent,  the  burnt  lime  remaining  behind  as  a  porous  mass. 
The  freer  the  limestone  from  foreign  admixtures  the  better  the 
lime  produced  from  it.  When  the  limestone  consists  chiefly  of 
pure  carbonate  of  lime,  the  resulting  product  is,  what  is  termed, 
**/a^  Kme."  On  the  other  hand,  if  the  limestone  contains  mag- 
nesium carbonate  (dolomite  CaCOjMgCOs)  the  resulting  lime 
forms  a  short,  thin  pulp  with  water  and  is  termed  *'poor" 
The  latter  cannot  be  recommended  for  the  preparation  of  lyes. 
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Pure  lime  is  white  and  often  of  considerable  hardness ;  the 
ordinary  commercial  article,  however,  has  generally  a  grayish- 
yellow  color  and  contains  some  alumina,  ferric  oxide,  etc.  It 
rapidly  combines  with  water  under  the  development  of  consid- 
erable heat.  If  very  little  water  is  added  it  breaks  up  and  de- 
composes to  a  soft,  white  powder,  with  a  burning  and  caustic 
ta^ste,  which  in  bulk  exceeds  three  times  that  of  the  lime  used. 
This  conversion  is  known  as  **  slaking  "  and  the  product  as 
"slaked  lime*'  or  calcium  hydrate  (CaH,0,).  During  the 
opi^ration  of  slaking  so  much  heat  is  liberated  that  gun-powder 
may  be  ignited  and  wood  carbonized. 

Since  by  the  absorption  of  moisture  and  carbonic  acid  from 
the  air,  lime  becomes  decomposed  and  ineffective,  it  has  to  be 
used  while  fresh,  or  be  stored  so  as  to  exclude  the  uir.  It  is 
advisable  to  slake  it  to  a  stiff  paste  and  put  it  into  a  brick-lined 
pit,  in  which  it  will  keep  for  months,  carbonic  acid  being  ab- 
sorbed only  by  the  upper  layer,  which  comes  in  contact  with 
the  air.  When  no  lime  has  for  some  time  been  taken  from 
the  pit,  the  upper  layer  should  be  removed,  it  being  unfit 
for  the  preparation  of  lye. 

In  the  manufacture  of  soap  lime  serves  for  the  purpose  of 
converting  alkaline  carbonates  into  caustic  alkalies.  Its  value 
depends  on  its  content  of  calcium  oxide  and  may  be  deter- 
mined as  follows:  Slake  10  grammes  of  the  lime  with  water 
in  a  dish,  pour  a  10  per  cent,  sugar  solution  over  it,  rinse  the 
whole  into  a  one-half  liter  flask,  fill  up  the  flask  to  the  one- 
half  liter  mark  with  a  10  per  cent,  sugar  solution,  and  allow 
the  whole  to  stand  24  hours  with  frequent  shaking.  Then 
pass  the  whole  through  a  filter,  take  50  cubic  centimeters  of 
the  filtrate,  color  it  blue  with  litmus  tincture,  and  titrate  w^ith 
standard  sulphuric  acid  until  the  liquid  acquires  a  red  color- 
ation. By  multiplying  the  cubic  centimeters  of  acid  used 
with  0.028  X  10,  the  per  cents,  of  caustic  lime  contained  in 
the  sample  are  obtained.  Good  limestone  should  not  contain 
less  than  82  per  cent,  of  calcium  oxide,  and,  if  possible,  over 
86  per  cent. 
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Common  salt  or  sodium  chloride  (NaCl)  is  of  great  implort- 
ance  for  all  industries.  It  is  the  source  of  nearly  all  Itbe 
soda  used  for  technical  purposes,  of  all  the  chlorine,  hydjro- 
chloric  acid,  chloride  of  lime,  and  all  products  containing 
chlorine.  It  occurs  as  a  mineral  in  beds  of  rock  salt  i  in 
widely-scattered  districts,  and  in  solution  as  brine  in  sea  water 
and  salt  springs.  It  is  obtained  either  by  evaporation  of  its 
solutions  (sea  water  and  water  of  salt  springs),  or,  where  it 
occurs  in  extensive. beds  as  rock  salt,  by  mining.  The  latter 
is  frequently  red,  blue  or  brown  in  color  and  is  decolorized  by 
dissolving  and  clarifying. 

Perfectly  pure  common  salt  is  not  hygroscopic,  but  is  made 
so  by  admixtures  of  magnesium  and  calcium  chloride  con- 
tained  in  the  salt  of  commerce.  Usually  salt  contains  from 
2.5  to  5.5  per  cent,  of  water,  not  as  a  constituent  but  as  an 
intermixture,  hence  the  phenomena  called  decrepitation,  due 
to  the  breaking  up  of  the  crystals  by  the  action  of  the  steam 
when  salt  is  heated.  Ignited  to  a  strong  red  heat  common 
salt  fuses,  forming  an  oily  liquid,  and  at  a  white  heat  is 
volatilized  without  decomposition. 

Common  salt  dissolves  with  almost  equal  ease  in  cold  and 
hot  water,  a  saturated  solution  containing  nearly  27  per  cent. 

According  to  Poggiale,  100  parts  of  water  dissolve  of  sodium 
chloride — 
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The  following  table  shows  the  specific  gravity  of  various 
solutions  of  common  salt : — : 
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Specific 

Per 

Specific 

Per 

Specific 

Per 

•Specific 

Per 

gravity. 

cents. 

gravity. 

cents. 

gravity. 

cents. 

gravity. 

cents. 

1.00726 

1 

1.05861 

8 

1.11146 

15 

1.16766 

22 

I.0I460 

2 

1.06593 

9 

1.11938 

16 

1.17680 

23 

1.02174 

3 

1.07336 

10 

1.12730 

17 

1.18404 

24 

1.028999 

4 

1.08097 

11 

1.13623 

18 

1.19228 

26 

1.03624 

5 

1.08859 

12 

1  14316 

19 

1.20098 

26 

1.04366 

6 

1.09622 

13 

1.16107 

20 

1.05108 

7 

1.10384 

14 

1.26931 

21 

1.20344  =r  26.395  per  cent. 


In  the  manufacture  of  soap^common  salt  is  used  for  sepa- 
rating the  soap  from  glycerin,  excess  of  water  and  impurities, 
for  checking  the  eflfects  of  too  caustic  lye,  for  shortening  and 
hardening  paste  soap,  and  as  filling  material. 


CHAPTER  IX. 

Machines  and  Utensils  for  the  Manufacture  of  Soap. 

Soap-boiling  kettles  or  pans.  The  older  style  of  kettle,  such 
as  was  usually  employed  in  smaller  plants  for  boiling  soap 
over  an  open  fire,  consisted  of  two  parts,  of  which  the  lower 
one,  the  actual  kettle,  of  cast  iron  or  copper,  was  set  in  masonry 
so  that  the  heat  acted  upon  the  bottom.  The  upper  portion, 
the  so-called  curb,  was  a  hollow  cone  of  iron-bound  staves 
made  to  fit  the  flange  of  the  lower  portion,  and  could  be  made 
to  extend  as  high  as  desired.  The  cone  stood  erect  but  had 
to  be  sti^ngly  and  tightly  fastened  and  joined  to  the  lower 
portion.  In  this  way  a  kettle  could  be  enlarged  at  much  less 
cost  than  a  kettle  wholly  of  iron. 

The  more  modern  kettles  are  of  a  circular,  rectangular  or 
square  cross-section,  but  so  far  as  practical  working  is  con- 
cerned there  is  no  material  advantage  of  one  form  over  the 
other.  They  are  generally  constructed  of  sheet-steel  or 
wrought  iron  plates  riveted  together.  Their  dimensions  vary 
according  to  requirement,  one  cubic  foot  being  generally 
allowed  for  each  fifteen  pounds  of  fat  to  be  saponified.  Some 
kettles  have  flat,  others  convex  or  concave,  bottoms.  Fig.  11 
shows  a  cylindrical  kettle. 

Direct  fire  heating  is  gradually  going  out  of  use  in  soap 
boiling  it  being  employed  only  in  small  works.  With  an 
open  fire  the  heating  gases  are  generally  allowed  to  pass  under 
the  bottom  of  the  kettle  and  from  there  are  conducted  upward 
and  around  the  kettle,  and  finally  into  the  chimney  flue. 
With  the  high  temperature  of  the  heating  gases  formed  by 
the  combustion  of  the  coal,  the  bottom  of  the  kettle  suffers 
considerably  if  placed  immediately  over  the  grate,  and  scorch- 
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ing  of  the  soap  can  only  be  prevented  by  very  careful  band- 
ling  of  the  fire  and  constant  stirring.  This  drawback  is  over- 
come by  the  manner  of  bricking  in  the  kettles  as  shown  in 


Fig.  12,  The  characteristic  feature  of  this  arrangement  is  a 
protecting  arch  placed  between  the  bottom  of  the  kettle  and 
the  grate,  so  that  the  flame,  before  it  reaches  the  bottom  of 
the  kettle,  yields  up  its  strongest  heat  by  passing  under  this 
arch. 

The  heating  gases  developed  upon  the  grate  o,  below  which 
is  the  ash-pit  b,  pass  over  the  fire-bridge  c  into  the  channel  e, 
which  is  covered  by  the  fire-proof  arcli  d;  on  the  end  of  the 
channel  e,  the  gases  ascend  upward  into  tte  vertical  channel 
/,  and  finally  reach  the  bottom  of  the  kettle  through  the  flue 
g.  After  passing  under  the  bottom  of  the  kettle  they  ascend 
upward  through  the  inclined  channel  h  into  the  lateral  flue  i 
running  entirely  around  the  kettle,  and  at  k  pass  into  the 
chimney  fine.  The  circulation  of  the  gases  around  the  kettle 
is  effected  by  the  brick  partition  I  built  in  the  flue  i.  m\s& 
hermetically  closed  manhole  for  cleaning  the  flues.  The 
space  n,  located  nearly  behind  the  fire-bridge  c,  serves  for  the 
reception  of  flying  ashes.     It  is  closed  at  o  by  brickwork. 
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The  above  arrangement,  which  haa  proved  very  satisfactory 
in  practice,  permits  the  adjustment  of  any  desired  special  con- 
trivances, as,  for  instance,  the  smokeless  combustion  of  the 
coal,  discharge-cocks  for  the  spent  lye  and  soap,  etc. 

In  large  works  steam  is  now,  as  a  rule,  used  for  heating  soap 
kettles.  In  modern  factories  the  soap  is  directly  heat«d  by 
means  of  steam  circulating  in  a  wrought-iron  coil  placed  about 

Fio.  12. 


3  to  4  inches  above  the  bottom.  Fig.  13  shows  such  an 
arrangenfient  with  direct  and  indirect  steam.  6  is  the  kettle 
of  wrought-iron  plates  ;  H  H  H  H  &  wooden  jacket  about  Ij 
inches  thick,  to  prevent  too  rapid  cooling  off  in  winter.  A  is 
a  stop-cock  on  the  main  steam-pipe;  B  and  C stop-cocks  on 
the  pipe  system  connected  with  the  direct  and  indirect  coils. 
/)  is  a  safety-cock  ;  E  cock  for  regulating  the  water  condensing 
in  the  steam-coil ;  I  lye  reservoir;  F  discbai^e-pipe  for  the 
spent  lye.  The  stop-coot  J  prevents  the  lye  or  soap  from  rising 
back  into  the  steam-pipe  K  after  the  operation  is  finished. 
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The  size  of  the  pipes  depends  on  tliat  of  the  kettle ;  generally 
they  have,  however,  a  clear  diameter  of  1}  inches.  The  cocks 
A  and  D  are  provided  for  the  sake  of  safety,  so  that  in  case  the 
cocks  B  and  G  are  not  absolutely  tight,  the  steam  can  nevei^ 
theless  be  prevented  from  entering  the  kettle.  After  finishing 
«ach  boiling  the  cocks  A,  B  and  Care  closed  and  the  cock  D 


is  opened.     In  ease  the  cock  A  is  not  tight,  the  steam  escapes 
from  D  without  fear  of  danger. 

Kettles  of  colossal  size,  capable  of  turning  out  50  tonsof  fin- 
ished soap  at  one  operation,  are  by  no  means  uncommon,  and 
some  of  the  large  factories  in  this  country  have  built  even  still 
larger  kettles,  requiring  a  building  of  three  stories  to  contain 
them.     Kettles  whose  contents  are  boiled  by  steam  may  be  of 
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any  desired  shape,  circular,  oval  or  rectangular,  provided  that 
the  steam-pipes  be  carried  into  the  corners  (if  any)  and  be  so 
arranged  as  to  insure  uniform  boiling  throughout  the  whole 
mass.  There  is  no  fixed  proportion  between  diameter  and 
depth  ;  *  in  England  the  diameter  is  to  depth  as  1  to  1,  or  1 
to  1.25,  or  1  to  1.5,  while  in  this  country  the  ratio  is  increased 
as  far  as  1  to  2,  1  to  2.5,  and  1  to  3. 

To  prevent  loss  of  heat  from  the  sides  of  the  kettle,  these 
may  be  covered  with  a  non-conducting  material,  such  as 
asbestos,  or  jacketed  with  wood,  an  air-space  being  left  be- 
tween the  wood  and  kettle. 

Soap  Pumps. — The  most  convenient  way  of  transferring  the 
soap  from  one  place  to  another,  for  instance,  from  the  kettle  or 
crutcher  to  the  frames,  is  by  gravity,  but  this  plan  is  not  al- 
ways feasible,  as  it  requires  the  various  machines  and  appli- 
ances to  be  placed  one  above  the  other,  and  this  can  seldom  be 
done.  Some  mechanical  means  have  therefore  to  be  employed 
for  this  purpose  where  the  machines  are  on  a  level.  In  small 
works  this  may  be  done  by  hand  labor  with  the  use  of  dippers 
or  ladles,  but  this  plan  is  tedious  and  costly.  It  is,  therefore, 
best  to  use  a  pump,  especially  made  for  the  purpose. 

A  rotary  pump,  such  as  shown  in  Fig.  14  is  most  suitable  for 
soap  boilers.  It  may  be  set  up  in  any  convenient  position 
adjacent  to  the  kettle,  and  not  over  10  feet  above  the  bottom 
of  the  same,  and  connected  to  it  by  means  of  a  2J-inch  iron 
pipe,  tapped '  through  the  iron  plate  at  a  distance  of  about  2 
feet  above  the  worm  or  coil.  Each  kettle  is  thus  connected 
with  the  pump  by  the  iron  pipes,  which  have  valves  placed 
upon  them  on  the  outside  (of  the  kettle),  so  that  the  contents 
of  any  one  of  the  kettles  may  be  readily  pumped  oflF  and 
framed  without  disturbing  the  others.  The  pipe  inside  of  the 
kettle  has  a  suitable  swing-joint  so  arranged  that  it  can  be 
raised  and  lowered  at  pleasure.     Fig.  14  represents  the  pump 

*  A  kettle  15  feet  in  diameter  and  15  feet  deep  will  turn  out  25  to  80  tons  of 
soap. 
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complete.  When  the  pump  is  rotated  in  the  direction  of  the 
arrow,  the  outlet  marked  S  is  the  suction  ;  when  rotated  in 
the  opposite  direction,  the  opposite  outlet  becomes  the  suction. 
This  is  an  important  feature,  as  it  enables  the  discharge-pipes 


to  be  emptied  of  their  contents  in  stopping,  by  giving  a  few 
revolutions  by  hand  in  the  opposite  direction.  Fig.  15  is  a 
view  of  the  interior  of  the  pump  when  the  cover  is  tuken  off. 
When  turned  in  the  direction  of  the  arrow  the  binde  i^  sweeps 
around,  drawing  the  fluid  in  at  I  and  forcing  it  out  tit  N,  the 
contents  of  the  pnmp  being  twice  emptied  during  each  revo- 
lution. The  blade  F swings  on  a  pivot;  the  end  of /",  when 
reaching  the  point  B,  at  the  lowest  point,  gaining  the  position 


there  shown,  and  gradually  returning  to  its  former  position 
on  completing  the  revolution.  The  fluid  is  prevented  from 
passing  from  one  side  to  the  other  by  the  contact  of  the  cone 
with  the  cover.  The  set-screw  shown  in  the  illustration  bears 
against  a  step  at  the  end  of  the  cone  and  keeps  the  cone  forced 
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against  the  cover,  and  is  screwed  up  to  compensate  for  any 
wear  that  takes  place.  Fig.  16  shows  thecoiie  and  blade  and 
forms  the  entire  working  part  of  the  pump.  No  valve  being 
used,  there  is  no  chance  of  any  derangement  in  the  operation 
of  the  pump.  The  soap  can  be  forced  any  distance  or  height. 
It  can  be  pumped  from  one  kettle  into  another,  which  is  a 
special  advantage  when  it  is  necessary  to  transfer  the  *•  nigre," 
either  in  the  state  of  a  soft  curd  or  in  the  unseparated  state, 
into  another  kettle  to  make  room  for  a  fresh  boiling  with 
clean  stock,  and  thereby  keep  up  a  uniform  quality  of  first- 
class  soap.  By  lowering  the  pipe  attached  to  the  swing-joint 
inside  of  the  kettle,  the  lye  of  the  "strengthening  change" 
can  be  pumped  from  the  very  lowest  point  in  the  bottom  of 
the  kettle,  while  still  hot,  into  another  kettle  in  which  stock 
is  being  saponified,  thereby  economizing  steam.  In  certain 
cases  where  it  is  undesirable  to  pump  the  lye  over  the  curb 
into  the  kettle,  because  of  the  froth  which  it  may  occasion, 
another  plan  can  be  adopted,  which  admirably  brings  into 
play  the  whole  system  of  pump,  valves,  and  swing-joints  of 
the  two  kettles,  from  the  bottom  of  one  of  which  it  is  required 
to  pump  the  hot  lye  and  force  it  through  the  iron  piping 
down  to  the  bottom  of  the  other.  Lye  of  any  kind,  whether 
spent  lye  or  strengthening  change  lye,  strong  caustic  lye, 
either  hot  or  cold,  grease  or  thick  oil,  can  be  easily  and 
quickly  pumped  by  this  pump.  The  pump  is  10  inches  in 
diameter  and  2 J  inches  in  outlet,  revolutions  120  per  minute, 
capacity  6000  gallons  per  hour. 

Crutchers. — In  the  early  days  of  soap-making  crutching  was 
usually  performed  by  hand  with  a  utensil  known  as  the  crutch. 
The  work  was  laborious  and  time-consuming  and,  while  the 
hand-crutch  is  still  used  in  some  small  works,  it  has  been  gen- 
erally superseded  by  power-driven  crutchers.  The  commonest 
form  of  such  a  crutcher  is  a  circular  vessel  of  sheet  steel  or 
boiler-plate.  In  the  center  of  this  is  fixed  a  mixing  apparatus, 
which  usually  consists  of  a  central  shaft  which  is  made  to  re- 
volve by  suitable  gearing.     This  shaft  carries  arms,  the  motion 
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of  which  through  the  mass  of  soap  causes  it  to  become  mixed 
and  form  a  homogeneous  mass. 

Fig.  17  shows  in  cross-section  the  "  Perfection  '*  crutcher 


Fig.  17. 


manufactured  by  Houchin-Aiken  Co.,  Brooklyn,  N.  Y.,  and 
Fig.  18  the  same  crutcher  jBtted  with  a  10-horse  power  engine 
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for  direct  drive.  The  machine  is  made  either  with  a  plain 
ahell  and  inner  cylinder,  or  with  a  jacketed  shell  and  inner 
cylindet.  An  iron  valve  5x7  inches,  with  scraped  joint  in 
the  bottom,  permits  of  the  ready  emptying  of  the  machine. 


The  jacketed  machine.  Fig.  18,  consists  of  an  outer  shell 
made  of  two  sheets  of  boiler  steel,  riveted  together  and  stay- 
bolted  so  as  to  form  a  steam  jacket,  which  extends  under  the 
bottom  and  up  the  sides  of  the  machine ;  and  an  inner  jacketed 
drum  of  similar  construction,  except  that  it  is  open  top  and 
bottom,  is  supported  from  the  bottom  and  is  slightly  larger 
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than  the  mixiug  screw,  which  rotates  in  this  inner  drum, 
thoroughly  mixing  and  crutching  the  soap.  The  mixing 
screw  is  driven  through  cut  bevel  gears,  two  pinions  being 
provided  with  a  clutch,  so  that  the  motion  of  the  screw  ma; 
be  reversed.  The  jacketed  shell  and  cylinder  are  tested  for 
100  lbs,  working  pressure 
Soap  frames.    This  name  is  applied  to  the  receptacles  into 


which  the  soap  is  ran  when  drawn  from  the  kettle,  in  order 
that  it  may  cool.  They  must  be  so  arranged  that  they  can 
be  easily  and  conveniently  taken  apart  and  pot  together  and 
perfectly  tight  so  as  not  to  permit  any  leakage  of  the  warm 
liquid  soap.  They  ordinarily  have  the  form  of  a  parallelo- 
gram ;  their  dimensions  vary  according  to  the  quantity  of  soap 
13 
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to  be  ruQ  iiito  them,  and  are  generally  regulated  by  the  ca- 
pacity of  the  kettle.  These  frames  were  formerly  constructed 
of  wood  and  built  up  in  sections,  pine  planks  about  two  or 
three  inches  thick  being  as  a  rule  used.  The  sections  fitted 
closely  upon  each  when  piled  in  a  series,  and  were  tightly 
clamped  from  top  to  bottom.  When  the  soap  was  cold  the 
sections  were  lin«d  off,  one  at  a  time,  and  the  soap  remained 
upon  the  bottom  ready  to  be  divided  into  slabs. 

The  modem  soap  frames  are  generally  made  with  sheet-steel 
sides  aud   wooden   ends  and  bottoms.     Fig.  19   shows  the 


"Paramount"  soap  frame  manufactured  by  Houchin-Aiken 
Co.,  Brooklyn,  N.  Y. 

The  ends  of  the  frame  are  made  of  2"  x  4"  pine,  iramed 
together  with  mortise  and  tenon  joints  and  lined  with  No.  18 
gauge  steel,  the  steel  being  bent  around  the  edges  of  the  frame 
to  form  a  metal  seat  for  the  metal  sides.  This  arrangement 
gives  a  practically  indestructible  end,  and  which  at  the  same 
time  is  light  and  which  cannot  warp  or  split,  as  is  the  case 
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with  a  solid  end.  If  desired,  solid  ends  are  furnished,  as 
shown  on  the  illustration  of  the  frame. 

The  bottoms  are  made  of  3"  seasoned  hard  wood,  with 
3"x  3"  maple  side  rails  and  three  eccentric  bottom  clamps 
with  bolts,  also  two  mild  steel  adjustible  eyes  for  holding 
bottom  to  ends. 

The  bottoms  are  equipped  with  heavy  cast-iron  wheels,  5J" 
diameter  by  2J"  face,  with  IJ"  square  steel  axles  turned  to 

Fki  21. 


ly'y"  for  wheels.  Each  axle  is  bolted  to  bottom  with  two  J" 
steel  bolts  with  special  heads.  The  axle  rails  are  of  3"  x  4"  x 
3'  6"  spruce.  Bottom  plates  are  of  1"  x  6"  pine.  Pivot  plates 
furnished  if  desired. 

The  sides  are  made  of  No.  12  gauge  steel,  with  two  No.  17 
gauge  steel  reinforcing  V's  3"  high  by  6"  wide,  and  two  mild 
steel  handles  on  each  side. 

Fig.  20  shows  the  pivot  truck  and  plates  for  soap  frames. 
It  is  a  patented  device  and  enables  the  easy  handling  of  filled 
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frames  of  soap  by  one  man,  and  the  packing  of  the  frames 
closely  together.  Fig.  21  shows  the  application  of  the  truck 
and  plates  to  thti  soap  frama 

Soap  frames  are  also  made  entirely  of  iron.  They  are  best 
constructed  of  stout  sheet-iron  or  sheet^steel  properly  strength- 
ened to  prevent  bulging  out.  Figs.  22  and  23  show  a  frame 
made  of  sheet-iron  about  0.17  inch  thick  and  strengthened  by 
flat-irons,  angle  irons  and  T  irons.  It  consists  of  four  side 
pieces  and  a  bottom  and  can  be  taken  apart.  Its  construction 
is  as  follows :  The  sides  and  bottom  are  sufficiently  strength- 


iroo  Soep  Frame. 


;  C,  bottom  plate ;  D,  grooves  in  the  Sit-JKHia; 

G,  side;  ii,  screws. 

ened  by  angle-irons  and  stays  of  T  ii^"-  I'he  actual  iron 
bottom  is  fastened  to  a  second  wooden  bottom  of  boards  about 
one  inch  thick,  the  whole  resting  upon  strong  wooden  beams, 
or  upon  wheels.  The  manner  of  stiff'ening  the  frame,  espe- 
cially the  number  and  thickness  of  the  stays  of  T  iron,  de- 
pends on  the  dimensions,  frames  with  a  capacity  of  4400 
pounds  being,  for  instance,  provided  with  four  stays,  those 
holding  8S00  pounds  with  six,  and  so  on. 

The  long  screw-bolts  on  the  top  of  the  frame  serve  to  keep 
the  sides  at  a  proper  distance  from  each  other,  so  that  the 
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block  of  soap  formed  in  the  frame  presents  an  exactly  rect- 
angular shape  and  perfectly  level  surfaces. 

An  absolutely  tight  and  close  joint  is  effected  by  the  half- 
round  and  exactly  planed  edges  of  the  angular  irons  fitting 
into  grooves  also  exactly  planed  in  the  flat-irons  as  shown  in 
Fig.  23.  The  sides  are  connected  with  each  other  and  with 
the  bottom  by  screw-bolts  about  2i  inches  long. 

The  frame  is  put  together  in  the  following  simple  manner ; 
The  workmen  place  first  one  of  the  long  sides  of  it  in  the 
groove  of  one  of  the  long  sides  of  the  bottom  plate.  While 
one  of  the  workmen  supports  the  side,  the  other  fastens  it  to 
the  bottom  by  pushing  from  below  one  of  the  short  screw-bolts 
through  each  of  the  two  bolt-holes  and  tightening  the  screw. 
One  of  the  workmen  then  places  one  of  the  short  sides,  which 
he  can  easily  carry,  exactly  in  the  groove  of  one  of  the  short 
sides  of  the  bottom,  securing  it  to  the  bottom  in  the  same 
manner  as  above  and  to  the  long  side  already  in  position,  by 
pushing  a  screw-bolt  through  the  upper  and  lower  holes. 
The  other  short  side  is  then  secured  in  the  same  manner,  and 
finally  the  second  long  side. 

The  frames  for  toilet  soaps  differ  from  those  for  ordinary 
soaps  only  in  size. 

For  storing  soft  soap  large  wooden  casks  were,  as  a  rule, 
formerly  used,  but  iron  holders  have  lately  been  introduced 
for  this  purpose;  they  possessing  the  advantage  of  saving  space 
and  being  more  durable.  In  a  reservoir  3  feet  deep,  3  feet 
long  and  3  feet  wide  about  2000  lbs.  of  soft  soap  can  be  stored, 
and  the  weight  of  such  a  holder  of  wrought  iron  with  sides 
0.19  inch  and  bottom  0.23  inch  thick,  would  be  from  625  to 
550  lbs.  In  the  construction  of  such  holders  care  must  be 
taken  to  have  the  rivets  smoothly  countersunk  in  the  interior 
80  that  in  case  lye  has  to  be  added  to  the  soft  soap,  it  cannot 
effect  a  lodgment.  In  iron  holders  the  color  of  the  soft  soap 
is  not  impaired,  while  pale  soaps  frequently  take  up  coloring 
matter  from  wooden  vessels. 

Slabbing  of  soap.     After  the  soap  has  become  sufficiently 
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firm,  the  frames,  according  to  their  constructioc,  are  either 
lifted  off  or  taken  apart,  so  as  to  leave  the  solid  block  of  soap 
resting  upon  the  bottom.  The  block  is  then  divisioned  off  by 
means  of  a  scribe,  an  instrument  of  bard  wood  smoothly 


planed  and  provided  with  slender  iron  teeth  set  at  the  thick- 
ness desired  for  the  slab  of  eoap.  The  workman  then  taking 
brass  or  steel  wire  fastened  to  a  wooden  liandle  draws  it 
through  the  block.  Fig.  24,  which  is  thus  divided  into  slabs. 


When  the  whole  is  thus  divided,  the  slabs  are  removed  and 
reduced  in  their  turn  to  bars  and  lumps  of  smaller  dimen- 
sions. The  workman  is  provided  with  a  long  piece  of  steel 
wire,  fastened  to  two  handles,  or  in  some  instances  to  one. 
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This  wire  is  fitted  to  the  mark  made  by  the  scribe  aod  then 
drawn  through,  a  slab  of  soap  being  thus  divided  from  the 
main  block.  The  operation  is  repeated  until  the  whole  block 
has  been  cut  into  slabs.     This  mode  of  slabbing  is  quite  sim- 


ple and  is  still  employed  in  some  factories,  but  in  most  works 
it  has  been  superseded  by  the  use  of  the  slabber. 

Fig.  25  shows  a  hand-stabbing  machine.     The  method  of 
operation  will  be  readily  understood  from  the  illustration. 
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The  machine  has  a  movable  head  and  the  wires  are  drawn 
through  the  soap  by  compound  gearing  with  a  steady  pull,  all 
the  while  in  operation,  thus  leaving  the  slabs  perfectly  level 
and  smooth,  each  and  every  one  of  the  same  thickness,  with  a 
fine  luster,  after  the  wires  have  passed  through  the  soap. 

The  illustration  shows  the  soap  in  the  machine  and  the 
wires  partly  drawn  through.  When  cut  through,  the  hinge 
on  the  back  end  is  opened,  the  machine  drawn  from  the  soap, 
then  the  head  is  run  back,  the  shaft  placed  in  the  boxes  above, 
the  hinge  folded  in  front  and  drawn  to  another  f^me.  then 
the  hinges  are  closed,  the  shaft  is  placed  in  the  former  boxes, 
and  the  head-block  placed  between  the  shaft  and  the  front  of 
the  soap,  when  the  machine  is  ready  to  cut  another  frame. 
The  whole  process  for  getting  ready  and  cutting  a  frame  of 
soap  can  be  done  in  a  few  minutes. 

Fig.  26  shows  the  "  Aiken  "  power  slabber,  manufactured 
by  Houchin-Aiken,  Brooklyn,  N.  Y.  This  machine  is  con- 
structed wholly  of  iron  and  steel  and  is  fitted  with  interchange- 
able cutting  heads,  which  can  be  removed  by  loosening  four 
bolts.  It  is  built  for  direct  motor  drive,  as  shown  in  the  illus- 
tration, or  for  belt  drive.  The  machine  is  self-contained,  and 
when  bolted  to  the  floor  is  ready  for  the  belt  or  motor.  This 
machine  automatically  cuts  the  soap,  then  ejects  the  cut  frame, 
the  cutting  head  returning  to  its  initial  position  and  stopping, 
ready  for  the  next  frame.  The  machine  will  cut  anything 
that  the  wires  will  hold. 

Chitting  tables.  After  the  soap  has  been  cut  into  slabs,  the 
latter  are  cut  into  bars,  a  number  of  machines,  to  be  worked 
either  by  hand  or  power,  having  been  devised  for  this  purpose. 

Fig.  27  represents  a  machine  for  cutting,  trimming,  racking 
and  spreading  the  soap  ready  for  drying,  leaving  all  the  bars 
or  pieces  of  an  equal  size  and  weight,  smooth  and  clean, 
without  any  finger  marks. 

First  the  slab  is  placed  on  the  table,  then  drawn  through 
the  wires  endwise,  trimmed,  and  then  passed  through  wires 
that  cross-cut  it  into  bars,  and  then  left  on  the  racks,  which, 
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by  being  dmwu  endwise,  spreads  the  soap  id  a  uniform  man- 
ner, all  the  bars  at  equal  distances  apart,  ready  for  setting 
away  to  dry  and  box. 


A  "double  rack"  hand  cutting  table,  manufactured  by 
Houchin-Aiken  Co.,  Brooklyn,  N.  Y.,  is  shown  in  Fig.  28. 
The  operating  mechanism  is  of  iron  and  steel  and  so  designed 


that  a  single  crank  operates  either  the  wide  or  narrow  pusher 
Ba  desired.  The  pushers  are  operated  through  steel  chains 
and  racks,  the  cut  cakes  being  automatically  spread  and  sepa- 
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rated  on  ttie  racks,  the  scrap  being  automatically  removed. 
The  cutting  heads  and  pushers  are  interchangeable  and  can 
be  very  quickly  removed  and  replaced  with  other  heads  and 
pushera.  Ttie  machine  is  adapted  to  cut  square,  oval,  round- 
comered  or  octagon-shaped  cakes.  The  rack  holder  is  re- 
movable, so  that  if  it  is  desired  to  stamp  the  cakee  by  hand,  a 
table  can  be  substituted  in  place  of  the  rack  holder,  or  the 
soap  can  be  stamped  on  the  rack  holder  if  desired. 

This  machine  works  to  best  advantage  when  using  the 
double  rack,  which  is  of  double  the  width  of  the  ordinary 
rack,  and  is  designed  for  holding  one  slab  cut  into  cakes  and 


It  is  usual  with  this  rack  to  have  special  dry-room 
trucks,  built  to  take  one  tier  of  the  double  rucks.  Great 
economy  of  handling  is  found  with  this  arrangement. 

The  combined  cutter  and  stamper  shown  in  Fig.  29  is  sim- 
ilar in  construction  to  the  previously  described  machine,  but 
ill  addition  it  is  fitted  with  a  die  for  stamping  the  cakes  as 
the  soap  is  cut.  It  can  be  operated  either  by  hand  or  power, 
and  used  either  with  or  without  the  stamping  device  as  de- 
sired. 

The  "  Aiken  "  power  cutting  table,  Fig.  30,  which  is  also 
manufactured  by  Houchin-Aiken  Co.,  Brooklyn,  N.  Y.,  is  a 
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patented  device.  It  automatically  cuts  the  soap  into  cakes, 
theii  spreads  and  separates  the  cakes  OD  the  racks.  It  is  driven 
by  power,  is  built  entirely  of  iron  and  steel  and  is  strong,  but 
simple  in  design.  It  has  intercliangeble  steel  cutting  heads 
and  pusbers.  Any  sbape  of  cake  desired  can  be  cut  and  only 
from  10  to  14  seconds  are  required  to  cut  each  slab  into  cakes 
and  spread  and  separate  the  cakes  on  the  racks.  The  machine 
is  particularly  adapted  for  cutting  oval-shaped  cakes,  special 
cutting  beads  being  provided,  which  replace  the  ordinary 
heads. 

The  reciprocating  motion  on  the  pushers  is  obtained  through 


a  eliQin  drive  under  the  table,  operating  automatically,  bring- 
ing the  pusbers  to  a  stoji  on  their  forward  movement  with  a 
uniformly  retarded  motion,  and  then  increasing  the  speed  on 
the  return  from  zero  to  the  maximum  speed  with  a  uniformly 
accelerated  motion,  thus  giving  an  easier  movement  with 
greater  speed  than  when  the  reverse  motion  is  obtained  ab- 
ruptly. The  machine  may  be  operated  economically  with 
either  two,  three  or  four  men,  the  output  varying  with  the 
number  of  operatives  employed. 

Soap  presses.  While  laundry  soaps  were  formerly,  and  are 
yet,  sold  in  bars  without  being  stamped,  they  are  now  largely 
brought  into  commerce  in  the  form  of  cakes,  and  these  are,  as 
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a  rule,  stamped.  However,  as  it  is  almost  the  universal  cus- 
tom to  stamp  toilet  soaps,  the  presses  used  for  the  purpose  will 
be  referred  to  in  the  chapter  devoted  to  that  branch  of  the 
industry. 

Drying  of  soaps.  While  some  soaps  do  not  require  drying, 
others  do,  and  it  is  especially  desirable  that  cakes  should  be 
dried  a  little  before  stamping  so  that  a  thin  crust  of  compara- 
tively hard  soap  is  formed,  as  then  a  better  impression  is  ob- 
tained. The  drying  room  used  for  this  purpose  may  be  heated 
by  steam  or  warm  air,  or  be  well  ventilated  by  air.  The  latter 
does  not  require  any  heating  apparatus  but  can  only  be  used 
in  warm  weather.  It  is  generally  located  in  the  upper  story 
of  the  factory  where  the  air  circulates  freely.  Shelves  or  racks 
on  which  are  placed  the  pieces  of  soap  to  be  dried,  are  fixed 
in  the  room  eight  or  ten  inches  apart,  one  above  the  other, 
this  separation  having  the  advantage  of  accelerating  the  drjung 
of  the  soap  by  putting  it  in  contact  with  a  greater  mass  of  air. 
The  desiccation  is  more  rapid  when  the  temperature  of  the  air 
is  elevated.  This  mode  of  drying  is  the  most  economical,  re- 
quiring neither  apparatus  nor  fuel ;  it  is  also  the  most  regular 
and  the  best  for  the  drying  of  soap,  and  it  may  be  used  when- 
ever circumstances  will  permit.  Unfortunately  it  is,  however, 
subject  to  the  variations  of  seasons  and  weather  so  frequent  in 
our  climate.  The  drying-rooms  with  warm  air  have  the  ad- 
vantage that  they  can  be  used  at  all  seasons.  In  many  fac- 
tories the  drying-room  consists  of  a  more  or  less  large  room 
around  which  shelves  provided  with  trays  are  disposed  and 
upon  which  are  placed  the  pieces  of  soap  to  be  dried.  In  the 
middle  of  the  room  is  a  stove  heated  with  wood  or  coal.  The 
temperature  must  not  be  above  80°  F.;  openings  must  be 
made  in  different  parts  of  the  room  to  permit  the  air  saturated 
with  moisture  to  escape  freely.  This  arrangement  quickly 
hastens  the  drying  of  the  soap.  A  temperature  of  80°  F.  is 
suflBcient  to  dry  in  fifteen  or  twenty  hours  pieces  of  olein  soap 
intended  to  be  moulded. 

But  this  mode  of  drying  presents  the  inconvenience  of  local- 
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izing  and  causing  an  unequal  distribution  of  the  heat.  Some 
shelves  are  remote  from  the  source  of  heat,  so  that  the  soap 
does  not  dry  equally  in  all  parts  of  the  room.  And,  besides, 
stoves  often  smoke,  especially  when  first  lighted,  and  the 
smoke  stains  and  blackens  the  pieces  of  soap.  These  draw- 
backs are  overcome  by  the  use  of  a  drying-room  heated  by  hot 
air.  By  this  system  the  heat  produced  by  the  fuel  is  com- 
pletely utilized  and  the  hot  air  which  flows  into  the  room  is 
always  pure,  without  either  odor  or  smoke.  The  chief  advan- 
tage of  this  system  is  that  the  desiccation  of  the  soap  is  rather 
produced  by  an  energetic  ventilation  occasioned  by  the  abund- 
ance of  hot  air  continually  renewed  in  the  room,  than  by  a  high 
temperature. 

For  drying  toilet  soaps,  sheet-iron  ovens  furnished  with  a 
grate  and  best  heated  with  coke  may  be  used.  They  are  made 
with  double  walls,  between  which  the  hot  air  passes,  thus  uni- 
formly heating  the  interior  chambers.  The  gases  from  the 
fire  escape  through  a  flue  fixed  at  the  top  of  the  oven,  which 
can  be  opened  or  closed  to  regulate  the  temperature. 


CHAPTER  X. 

Production  of  Soaps. 

Soaps  may  be  divided  into  two  principal  groups,  viz.,  hard 
or  soda  soaps,  and  soft  or  potash  soaps.  The  first  group  com- 
prises curd  or  grained  soaps,  half-grained  soaps  and  paste 
soaps.  The  grained  soaps  show  a  characteristic  crystalline  for- 
mation termed  '*  curd  "  or  *'  grain.*'  They  are  prepared  either 
by  freeing  the  alkaline  oleate  from  superfluous  water  and  gly- 
cerin by  the  aid  of  common  salt  (salting  out),  or  by  not  com- 
pletely salting  out,  by  adding  only  sufficient  common  salt,  or 
using  an  excess  of  lye,  so  that  a  precipitate  of  paste  is  formed 
from  the  soap  at  rest.  This  latter  kind  of  grained  soap  can 
only  be  prepared  by  the  use  of  cocoanut  or  palm-kernel  oil  in 
connection  with  other  fats ;  it  is  technically  known  as  grained 
s'oap  upon  a  precipitate  of  paste,  or  deposited  grained  soap,  while 
the  first  variety  is  termed  grained  soap  upon  spent  lye.  The 
grained  soaps,  when  again  heated  on  water  or  weak  lye,  are 
known  as  grouud  grained  .soaps. 

Paste  soaps  are  obtained  by  simply  allowing  the  soap-paste  to 
congeal.  They  are  prepared  with  the  aid  of  cocoanut-oil  and 
palm-kernel  oil.  They  contain  all  the  glycerin  present  in  the 
fat  subjected  to  saponification  and  a  large  amount  of  water. 
They  are  either  smooth  or  exhibit  but  little  formation  of  grain, 
which,  if  mottled  soaps  are  to  be  prepared,  can,  however,  be 
brought  out  stronger  by  the  addition  of  coloring  substances 
such  as  Frankfort  black,  ultramarine,  etc. 

Ilalf-grained  soaps  (in  Germany  known  as  Eschweg  soap)  can 
only  be  prepared  with  the  aid  of  cocoanut  and  palm-kemel 
oils ;  they  exhibit  some  formation  of  grain  which  may  also  be 
brought  out  stronger  by  the  addition  of  coloring  substances. 
These  half-grained  soaps  are  boiled  either  by  the  direct  or  the 
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indirect  method.  The  first  process  consists  in  boiling  cocoa- 
nut  oil  or  palm-kernel  oil  together  with  other  fats,  such  as 
palm-oil,  bone-fat,  fuller's  fat,  etc.,  and  the  second  by  pre- 
paring a  grained  soap  from  one  or  several  of  the  last-named 
fats,  and  adding  to  this  a  paste  soap  boiled  from  cocoanut  oil 
or  palm-kernel  oil. 

Potash  or  soft  soaps  are  divided  into  three  principal  varieties : 
(1)  transparent  soap,  variously  colored  and  brought  into  com- 
merce under  different  names,  such  as  oil  soap,  crown  soap, 
green  soap,  black  soap,  glycerin  soft  soap,  etc.;  (2)  natural  gram 
or  fig  soap y  which  is  transparent  and  shows  a  **  figged  "  appear- 
ance ;  (3)  an  opaque  soap  of  a  white  or  yellowish-white  color, 
designated  as  smooth  oldn  soap,  silver  soap,  etc. 

Before  entering  upon  a  description  of  the  methods  of  boil- 
ing the  various  kinds  of  soap  found  in  commerce,  the  prepara- 
tion and  examination  of  lyes  will  be  discussed  and  a  few 
general  remarks  be  made  on  the  process  of  boiling. 

Preparation  of  lyes. — For  the  saponification  of  the  fats,  the 
correct  constitution  of  the  lyes  is  of  the  utmost  importance, 

■ 

and,  hence,  their  preparation  is  a  serious  problem  for  the  soap 
boiler.  With  the  use  of  caustic  soda  or  caustic  potash  the 
operation  is  quite  simple,  they  only  requiring  to  be  dissolved 
in  water  to  the  desired  degree.  On  the  other  hand,  the 
preparation  of  lyes  from  alkaline  carbonates  requires  great 
care.  Fats,  except  when  they  are  rancid  and  consequently 
contain  free  fatty  adds,  are  not  decomposed,  even  at  a  boiling 
heat,  by  alkaline  carbonates,  and  the  latter,  for  the  saponifi- 
cation of  neutral  fats,  have  first  to  be  converted  into  caustic 
alkalies.  To  be  sure,  many  soap  boilers  are  of  the  opinion 
that  the  alkaline  carbonates  in  the  lye  also  exert  a  saponify- 
ing effect  upon  the  fats,  and  endeavor  to  prove  it  by  the  fact 
that  many  fats  can  only  be  saponified  with  difficulty  with 
pure  caustic  lyes,  and  that  for  many  soaps  a  content  of  alka- 
line carbonate  in  the  lye  is  required.  This  view,  however,  is 
not  correct.  The  alkaline  carbonate,  sure  enough,  frequently 
plays  a  role  in  saponification,  as  well  as  in  the  soap,  but  only 
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a  mechanical  and  not  a  chemical  one,  which  is  shown  by  the 
fact  that  in  all  cases  where  it  appears  necessary,  it  can  be  re- 
placed by  sodium  chloride,  or  potassium  chloride,  or  other 
salts.  A  neutral  fat  can  only  be  saponified  by  caustic  alkali, 
and  every  neutral  fat  can  be  saponified  with  it  as  soon  as  the 
lye  has  the  concentration  suitable  for  it,  and  saponification  is 
effected  at  an  appropriate  temperature. 

Slaked  lime — calcium  hydrate — serves,  as  previously  men- 
tioned, for  causticizing  the  alkaline  carbonates.  The  carbonic 
acid  combines  thereby  with  the  lime,  while  the  alkali  takes 
up  the  hydroxide : 

Nfi^COs     +     CaH.O,     =     2NaH0     +     CaCO, 


Soda. 

K.CO 


Calcium 
hydrate. 


Caustic 
soda. 


Calcium 
caibonate. 


+     CaHjO,     =    2KH0      +     CaCO; 


Potash. 


Calcium 
hydrate. 


Caustic 
potash. 


Calcium 
carbonate. 


This  chemical  process  takes  place,  however,  only  when 
dilute  solutions  of  the  alkaline  carbonates  are  treated.  The 
calcium  carbonate  is  insoluble  in  water  and  settles  in  the 
form  of  mud  to  the  bottom,  while  the  caustic  alkali  remains 
dissolved  in  the  lye.  This  process  does  not  take  place  with 
more  concentrated  solutions  of  soda  or  potash.  Liebig,  on 
the  contrary,  has  pointed  out  that  a  more  concentrated  caustic 
potash  solution  decomposes  the  calcium  carbonate,  and  conse- 
quently calcium  hydrate,  in  the  presence  of  little  water,  can- 
not decompose  the  alkaline  carbonate.  For  the  preparation 
of  perfect  caustic  lyes,  the  potassium  carbonate  has  to  be  dis- 
solved in  at  least  10  to  12  parts  of  water,  and  the  sodium 
carbonate  in  8  to  10  parts. 

The  preparation  of  lyes  is  best  and  most  quickly  effected 
with  the  assistance  of  heat.  Lyes,  to  be  sure,  may  be  causti- 
cized  in  the  cold  way,  but  more  lime  and  more  dilute  solutions 
of  alkali  have  to  be  used,  and  both  have  to  act  upon  each 
other  for  a  longer  time. 
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In  plants  where  steam  is  available  the  preparation  of  lye  is 
generally  eflFected  as  follows :  Waste  lye  from  a  previous  oper- 
ation is  brought  into  the  converting  kettle  and  heated  by  the 
admission  of  steam  to  167®  F.  The  alkaline  carbonate. to  be 
causticized  is  then  introduced  and  its  solution  effected  by 
crutching.  The  lime  required  is  then  gradually  added  in 
small  portions  to  the  hot  solution,  best  by  means  of  the  lime 
basket — an  iron  box  with  a  perforated  bottom — suspended 
over  the  kettle  so  that  it  dips  partly  into  the  solution.  The 
lime  slakes  in  the  basket  and  reaches  the  kettle  in  a  finely 
divided  state,  so  that  an  intimate  mixture  with  the  solution 
of  alkaline  carbonate  is  effected.  The  first  lye,  in  the  case  of 
soda,  is  generally  taken  at  a  density  of  24  to  25®  B.,  the  second 
at  from  18  to  20°  B.,  and  the  third  at  from  12  to  15°  B.;  and 
in  the  case  of  potash,  the  first  at  from  28  to  30®  B.,  the  second 
at  20®  B.,  and  the  third  at  from  14  to  15®  B.  The  different 
grades  of  soda  lye  are  kept  separate  in  special  holders  so  that 
a  supply  of  lyes  of  varying  densities,  as  may  be  required,  is 
always  on  hand.  The  different  grades  of  potash  lye  are  also 
sometimes  kept  separate,  but  this  is  frequently  not  done,  and 
an  average  lye  of  a  density  of  about  20®  B.,  such  as  is  suitable 
for  boiling  soft  soaps,  is  made  by  mixing  the  different  grades. 

The  lime-mud  which  remains  in  the  kettle  after  taking  the 
third  lye,  is  washed  with  water  until  a  sample  of  the  liquor 
shows  0®  B.,.a  proof  that  all  the  alkali  has  been  withdrawn 
from  the  lime.  This  waste  lye  is  utilized  in  the  next  opera- 
tion for  dissolving  the  soda  or  potash. 

Where  steam  is  not  available  it  is  advisable  to  heat  the  waste 
lye  to  boiling  in  a  special  kettle  and  bring  it  hot  into  the  con- 
verting kettle  containing  the  alkaline  carbonate ;  solution  of 
the  latter  is  promoted  and  quickly  effected  by  crutching.  The 
lime  required  is  then  added,  and  by  its  slaking  the  liquor  is 
again  brought  to  the  boiling  point.  The  remainder  of  the 
operation  is  the  same  as  above  described. 

The  preparation  of  lye  from  caustic  soda  or  potash  is  a  very 
simple  operation.     The  contents  of  the  drum  are  best  dissolved 
14 
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with  the  assistance  of  a  device  shown  in  Fig.  31.  An  iron 
rail,  S,  is  secured  in  the  walls  of  the  factory  so  as  to  run  about 
6J  to  7i  feet  above  the  edge,  and  directly  over  the  center,  of 
the  coDvertiiig  kettle,  A.  Upon  this  rail  runs  a  lai^e  cast-iron 
pulley  (about  12  iuches  in  diameter),  to  which  is  fastened  the 
tackle  F.  The  lower  end  of  the  tackle  is  provided  with  a 
strong  iron  hook. 

The  drum  Tto  be  emptied  is  first  pounded  on  all  sides  with 

Fta.  31. 


a  heavy  iron  hammer,  which  causes  the  soda  to  crack.-  Holes 
the  size  of  a  hand  are  then  cut  with  a  hatchet  in  the  head 
and  bottom  of  the  drum  near  the  edges.  Two  chains  are  next 
slung  around  the  drum  and  suspended  to  a  horizontal  iron 
rod,  as  shown  in  the  illustration.  The  drum  is  then  hoisted 
to  above  the  edge  of  the  kettle  by  means  of  the  tackle,  and, 
after  pushing  forward  the  pulley  upon  the  iron  rail  so  that  it 
is  over  the  center  of  the  kettle,  the  drum  is  lowered  to  about 
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one-half  the  height  of  the  kettle,  and  the  tackle  secured. 
Water  is  then  admitted  to  the  kettle,  and  the  drum  from 
time  to  time  raised  to  permit  the  dissolved  soda  to  run  out. 
The  entire  work,  including  the  dissolving  of  the  soda,  is 
effected  at  the  utmost  in  two  hours,  about  ten  minutes  of  that 
time  being  taken  up  by  preparing  and  placing  the  drum  in 
position.  The  solution  is  then  made  up  to  the  desired  de- 
grees. The  quantity  of  caustic  soda  or  caustic  potash  which 
is  dissolved  at  one  operation  should  be  large  enough  to  insure 
a  supply  of  lye  for  eight  to  fourteen  days,  this  depending  of 
course  on  the  quantity  of  fat  which  is  to  be  saponified  during 
that  time.  An  allowance  of  20  to  21  lbs.  of  caustic  soda  for 
100  lbs.  of  fat  and  28  to  29  lbs.  of  caustic  potash  for  100  lbs. 
of  oils  and  fats  will  be  amply  sufficient. 

The  residue  which  finally  remains  in  the  converting  kettle, 
may  be  utilized  in  various  ways.  If  derived  from  soda  it  is 
diluted  with  3  to  4  parts  of  water ;  the  resulting  dirty  turbid 
lye  of  13  to  16°  B.  being  used  for  boiling  grained  soaps  which 
are  subsequently  salted-out.  Or,  the  residue  is  brought  into 
an  iron  reservoir  and  a  bucketful  of  cold  water  poured  over 
it.  The  whole  is  then  allowed  to  stand  without  being 
crutched.  A  clear,  though  of  course  weaker,  lye  is  obtained 
and  may  be  utilized  for  every  kind  of  soap.  The  residue  de- 
rived from  the  preparation  of  caustic  potash  lye  is  also  utilized 
in  this  manner. 

Caustic  potash  lye  previous  to  being  used  is  diluted  with 
water,  or  if  it  is  to  be  employed  for  soft  soaps,  with  potash 
solution.  A  suitable  lye  is  obtained  by  diluting  100  lbs.  of 
lye  of  50°  B.  with  200  lbs.  of  water  and  70  lbs.  of  potash  solu- 
tion of  30°  B. 

The  strong  lyes  obtained  by  causticizing  with  lime  when 
drawn  from  the  converting  kettle  still  contain  a  considerable 
quantity  of  alkaline  carbonate  ;  only  the  lyes  of  a  density  be- 
low 14°  B.  may  be  entirely  caustic.  Since  soft  soaps  are  not 
simple  neutral  soaps,  but  require  for  their  consistency  a  certain 
quantity  of  salts,  perfectly  caustic  lyes  are  not  required  for 
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boiling  them.  Of  the  high-grade  soda  lyes  those  with  a 
density  of  20  to  24°  B.  are  suitable  for  boiling  half-grained  soap 
and  certain  paste-soaps,  which  also  require  salts  for  their  for- 
mation, while  those  with  a  density  of  16  to  18°  B.  are  service- 
able for  the  saponification  of  fats  which  contain  much  free 
fatty  acid,  such  as  palm  oil,  bone  fat,  etc.,  and  for  that  of  fatty 
acids  such  as  olein,  etc. 

The  soap  boiler  will  at  the  present  time  find  it  seldom 
necessary  to  prepare  perfectly  caustic  lyes  by  causticizing  alka- 
line carbonates,  as  he  can  more  conv-eniently  obtain  them  by 
dissolving  caustic  soda  or  caustic  potash.  For  certain  kinds 
of  soap  a  perfectly  caustic  lye  is  not  only  not  required  but  a 
certain  content  of  alkaline  carbonate  is  even  desirable,  as 
otherwise  it  has  to  be  added  in  some  other  way.  Some  soap 
boilers  designate  their  lyes  as  just  right  m  limCf  too  high  in 
lime,  or  too  low  in  lime.  In  the  first  case  it  means  that  in  pre- 
paring the  lye  the  correct  quantity  of  lime  has  been  used,  that 
the  quantity  of  caustic  alkali  in  the  lye  is  in  right  proportion 
to  alkaline  carbonate  for  boiling  a  certain  kind  of  soap.  In 
the  second  case,  too  little  lime  has  been  used,  or  the  alkaline 
carbonate  solution  has  been  too  concentrated  and  consequently 
the  lye  is  not  suflBciently  caustic.  The  third  case,  on  the 
other  hand,  means  that  the  lye  is  too  caustic  for  the  prepara- 
tion of  certain  soaps. 

The  expressions  "too  high  in  lime,*'  "too  low  in  lime," 
etc.,  are  also  frequently  applied  to  the  soaps  themselves. 
However,  this  does  not  imply  that  the  soap  contains  too  much 
or  too  little  lime,  but  that  the  lye  used  has  been  too  caustic 
or  not  sufficiently  so. 

Examination  of  lyes. — In  many  soap  factories  the  lyes  are 
only  tested  by  means  of  a  hydrometer,  which  is  a  very  con- 
venient method  but  gives  rise  to  considerable  errors.  The 
hydrometer  simply  indicates  the  specific  gravity  of  the  lye, 
and  this  is  affected  by  all  the  substances  dissolved  in  it,  while 
the  soap  boiler  is  only  interested  in  knowing  the  content  of 
potash  or  soda.     If  he  had  only  to  deal  with  solutions  of  pure 
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soda  or  potash,  testing  with  the  hydrometer  would  suffice,  but 
as  the  lyes  contain  chlorine  combinations,  sulphates,  etc.,  two 
lyes  showing  the  same  degree  by  the  hydrometer  may  contain 
varying  quantities. of  caustic  alkali  or  of  alkaline  carbonates. 
The  only  lyes  with  which  this  cannot  happen  are  those  with 
a  density  of  over  35*^  B.,  because  carbonates  and  other  salts 
are  no  longer  soluble  in  them.  If  soda  containing  90-per  cent, 
sodium  carbonate  be  dissolved  in  enough  water  to  form  a  solu- 
tion of  15®  B.,  it  is  evident  that  the  latter  contains  more 
sodium  carbonate  than  a  solution  of  the  same  density  pre- 
pared from  soda  containing  75  per  cent,  sodium  carbonate. 
N<^w  if  only  so  much  lime  is  taken  as  is  required  for  the 
causticization  of  the  quantity  of  sodium  carbonate  contained 
in  the  weaker  solution,  it  does  not  suffice  for  the  more  con- 
centrated solution,  and  more  soda  remains  fixed  on  carbonic 
acid.  For  soda  or  potash  of  known  quantity  the  hydrometer 
may  possibly  serve  as  a  guide,  but  not  when  working  with 
unknown  materials.  This  is  perhaps  the  reason  why  many 
soap  boilers  are  reluctant  to  make  a  change  in  their  brands  of 
potash  or  soda.  They  frequently  work  poorer  and  more  ex- 
pensive material  because  they  are  used  to  it. 

To  be  successful  with  soaps,  it  is  of  the  utmost  importance 
that  the  quantities  of  caustic  alkali  and  alkaline  carbonates 
are  in  correct  proportion  contained  in  the  lye.  The  soap 
boiler  should  therefore  not  depend  alone  on  the  Baum6  hydro- 
meter, but  test  the  lyes  as  to  their  content  of  alkaline  car- 
bonates and  caustic  alkali. 

By  simply  titrating  the  lyes,  the  entire  content  of  alkaline 
carbonate  and  caustic  alkali  is  determined  either  according  to 
the  calculation  as  alkaline  carbonate  or  caustic  alkali ;  how- 
ever, the  content  of  each  of  them  can  be  readily  established  in 
the  alkalimetric  way  by  first  determining  in  one  sample  the 
total  content,  and  then  separating  in  another  sample  the  alka- 
line carbonate  with  the  assistance  of  barium  chloride  solution,* 

*  Barium  chloride  combines  with  the  alkaline  carbonates  to  barium  carbonate, 
which  is  insoluble  in  water,  and  to  soluble  alkaline  chlorides  upon  which  the  test 
acid  does  not  act. 
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and  determining  the  quantity  of  caustic  soda  in  the  liquor  fil- 
tered from  the  precipitate.  The  difference  between  the  first 
and  second  determinations  gives  the  quantity  of  alkali  which 
has  not  been  causticized.* 

If,  for  instance,  a  high-grade  causticized  soda  lye  is  to  be 
tested  and  a  very  accurate  scale  is  not  available,  weigh  out  40 
grammes  of  the  lye  in  a  beaker,  then,  bring  the  lye  into  a  liter- 
flask,  rinse  the  beaker  with  water,  pour  the  rinsing  water  into 
the  flask,  and  fill  the  latter  up  to  the  mark.  One  liter  of 
liquor  then  contains  40  grammes  of  lye,  hence  100  cubic  cen- 
timeters 4  grammes.  Now  carefully  bring  by  means  of  a 
pipette  100  cubic  centimeters  from  the  flask  into  a  beaker, 
color  blue  with  litmus  tincture,  and  then  allow  to  run  in  from 
a  burette  enough  standard  acid  to  color  the  liquor  perma- 
nently red  after  boiling.  Now,  suppose  21.5  cubic  centimeters 
of  standard  acid  have  been  used  for  this  purpose.  For  the  de- 
termination of  the  quantity  of  acid  added  in  excess  carefully 
add  from  a  burette  standard  alkali  solution  until  the  liquor 
appears  perceptibly  blue.  Suppose  the  quantity  of  standard 
alkali  solution  used  in  this  manner  amounts  to  1.5  cubic  cen- 
timeters, then  21.5 — 1.5  =  20  cubic  centimeters  of  standard 
acid  have  been  required.  Since  1  cubic  centimeter  of  this 
acid  is  equivalent  to  1  per  cent,  caustic  soda,  the  lye  contains 
20  per  cent,  caustic  soda,  provided  it  contains  the  alkali  only 
as  caustic  soda. 

Now  bring  once  more  from  the  liter-flask  by  means  of  a 
pipette  100  cubic  centimeters  into  a  beaker  and  add  barium 
chloride  solution  until  no  more  precipitate  is  formed.  After 
allowing  the  precipitate  to  settle,  filter  through  a  paper  filter 
in  a  glass  funnel,  and  wash  the  contents  of  the  filter  with  dis- 
tilled water  till  the  liquor  running  from  the  funnel  no  longer 
colors  red  litmus  paper  blue.  Then  color  the  filtrate  blue 
with  litmus  tincture  and  titrate  as  before ;  boiling,  however, 
is  not  necessary  as  no  carbonic  acid  which  might  impair  the 

*  Compare  p.  161 ,  *  *  Testing  of  Soda  and  Potash." 
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appearance  of  the  color  is  present.  Suppose  in  the  second 
titration  16  cubic  centimeters  of  standard  acid  have  been  used, 
then  the  lye  sontains  16  per  cent,  caustic  soda.  The  differ- 
ence of  4  per  cent  between  the  first  and  second  titrations  is 
the  quantity  of  soda  which  has  escaped  causticization.  In  the 
first  titration  this  has  been  accounted  for  as  caustic  soda, 
though  it  was  present  as  carbonate,  and  it  must  therefore  be 
reduced  according  to  the  following  equation  : 

40  :  53  =  4  :  X  =  5.3. 

Hence  the  lye  contains  16  per  cent,  caustic  soda  and  5.8  per 
cent,  sodium  carbonate. 

For  the  examination  of  potash  lye  the  process  is  the  same, 
except  that  50  grammes  of  it  are  weighed  out  and  the  liter 
fiask  is  filled  up  to  the  mark.  The  total  content  of  potash  is 
then  determined  in  100  cubic  centimeters,  and  in  another  100 
cubic  centimeters  the  caustic  potash  after  the  potassium  car- 
bonate has  been  separated  by  barium  chloride  solution.  From 
the  difference  between  the  first  and  second  titrations  the 
potassium  carbonate  is  calculated,  taking  into  consideration 
that  caustic  potash  to  potassium  carbonate  is  in  a  ratio  of  56 
to  69. 

To  test  whether  a  lye  is  perfectly  caustic,  pour  a  clear 
sample  of  it  into  dilute  acid  ;  no  effervescence  should  take 
place.  The  lye  should  be  poured  into  the  acid,  not  the  re- 
verse, as  in  the  latter  case  incomplete  neutralization  may 
readily  occur  and  no  carbonic  acid  is  evolved  notwithstand- 
ing the  presence  of  potassium  carbonate  in  the  lye. 

BOILING   OF    SOAPS. 

The  saponification  of  fats  by  the  alkalies  is  in  most  cases 
effected  by  boiling,  saponification  below  boiling  heat  being,  as 
a  rule,  applied  only  to  cocoanut  oil.  However,  it  has  been 
shown  by  MSge-Mourids  that  under  certain  conditions  the 
saponification  of  other  fats  can  also  be  effected  below  boiling 
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heat.  If  melted  tallow  is  emulsified  by  shaking  with  white 
of  egg,  gall,  or  a  similar  substance,  and  iu  this  state  mixed 
with  potash  or  soda  lye,  and  allowed  to  stand  for  three  or  four 
hours  at  a  temperature  of  from  113*^  to  140°  F.,  it  is,  at  a 
temperature  of  above  140^  F.,  completely  converted  into  so^ip. 
According  to  Knapp,  all  fats.possess  this  property  even  at  an 
ordinary  temperature,  and  without  the  use  of  white  of  egg  or 
a  similar  substance.  By  pouring  a  few- drops  of  caustic  soda 
into  a  bottle,  then  allowing  it  to  run  out  and  rinsing  with 
water,  every  variety  of  fat  brought  afterwards  into  the  bottle 
and  shakei\  with  half  or  equal  its  volume  of  water,  is  readily 
converted  into  an  emulsion,  for  instance,  oil  with  one-half  or 
an  equal  volume  of  water.  Solid  fats,  such  as  tallow,  require 
a  certain  degree  of  heat  to  render  them  fluid,  and  must  only 
be  shaken  as  long  as  the  temperature  does  not  sink  below  this 
point,  as  otherwise  they  separate  in  lumps  like  butter  in  beat- 
ing cream.  Such  emulsions  can  be  diluted  at  pleasure,  and 
allowed  to  stand'  for  days  without  separating  into  a  coherent 
layer  of  fat  and  water,  a  thick  cream  only  collecting  over  the 
thinner  milky  liquid.  Under  the  microscope  such  an  emul- 
sion appears  as  a  multitude  of  transparent  globules  of  fat  of  a 
very  small  diameter  floating  in  the  clear  fluid.  The  emulsion 
is,  therefore,  solely  a  fine  division  of  the  fats  similar  to  the 
grinding  or  pulverizing  of  other  substances. ,  By  mixing  the 
undiluted  emulsion  with  an  excess  of  caustic  lye  and  allowing 
the  mixture  to  stand  a  few  hours,  the  milky  condition  disap- 
pears and  the  whole  separates  into  clear  lye  upon  which  floats 
a  coherent  cake  of  soap.  This  cake  of  soap  is,  according  to 
the  strength  of  the  lye  used,  either  hard  and  brittle,  or  soft 
and  more  jelly-like.  As  regards  the  rest,  the  strength  of  the 
lye  exerts  no  influence  whatever,  provided  it  is  not  below 
three  per  cent.  Hence,  with  finely  divided  fats  saponification 
takes  place  with  great  ease  in  the  cold.  Melted  or  naturally 
fluid  fats  mix  in  their  ordinary  condition  with  lye  to  an 
emulsion-like  mass,  but  saponification  takes  place  with  greater 
difficulty.     100  parts  by  weight  of  lard  mixed  with  400  parts 
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by  weight  of  water  and  60  parts  by  weight  of  caustic  potash 
were  only  converted  into  soap  after  digesting  for  two  days  at 
a  temperature  of  from  158°  to  194°  F.  (Chevreul). 

Furthermore  the  process  of  saponification  is  not  even  ac- 
celerated, as  might  be  supposed  by  boiling  with  lye.  The  fat, 
to  be  sure,  soon  combines  with  a  portion  of  the  alkali,  but,  as 
a  rule,  a  complete  soap  is  only  formed  by  gradual  absorption, 
in  the  way  of  a  continuous  saturation,  sometimes  only  after 
boiling  for  several  days.  The  strength  of  the  lye  is  of  the 
utmost  importance  for  the  success  of  the  operation  ;  most  fats 
can  only  be  readily  saponified  by  boiling  if  the  operation  is 
commenced  with  veak  lyes,  and  the  strength  of  the  latter  is 
gradually  increased.  The  reason  for  this  difference  in  be- 
havior of  emulsified  and  non-emulsified  fats  is  evidently 
found  in  the  fact  that  with  the  use  of  an  emulsion  the  globules 
of  fat  float  isolated  in  the  lye,  the  fat  thus  presenting  a  num- 
ber of  attacking  points  to  the  lye.  With  the  use  of  a  boiling 
heat  the  fat  melts  and  forms  a  coherent  mass  which  spreads 
out  over  the  lye ;  hence  there  is  not  the  same  intimate  mix- 
ture of  fat  and  lye,  and  saponification  is  not  so  readily  ef- 
fected. The  reason  why  weaker  lyes  induce  saponification 
with  greater  ease  than  stronger  ones,  may  be  explained  by  the 
fact  that  soaps  are  insoluble  in  strong  lyes.  To  be  sure,  quite 
strong  lyes  are  now  frequently  used  for  the  preliminary  boil- 
ing, but  this  is  only  possible  when  they  still  contain  much 
alkaline  carbonate.  Cocoanut  oil  and  palmkernel  oil  are, 
however,  exceptions  in  this  respect,  they  requiring  strong 
caustic  lyes  for  saponification. 

The  reason  why  almost  all  soaps  are  prepared  by  boiling, 
notwithstanding  that  saponification  is  not  promoted  by  it,  is 
that  the  mass  formed  by  the  combination  of  fat  and  lye  re- 
quires at  least  an  evaporation  of  the  excess  of  water  to  make 
it  into  soap,  an  operation  best  efl^ected  by  boiling.  Every 
soap-boiler  knows  that  strong  boiling  does  not  promote  sapon- 
ification, and  for  that  reason  insists  upon  a  moderate  fire  in  the 
preparatory  boiling. 
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Boiling  with  steam. — The  operation  of  boiling  is  mostly  car- 
ried on  in  open  kettles  heated  by  fire  or  by  steam,  the  latter 
being  the  most  modern  plan.  In  plants  where  steam  is  avail- 
able, it  is  not  only  nsed  for  boiling  soap,  but  also  for  emptying 
barrels  by  melting  the  fats  contained  in  them  by  its  aid,  aod 
for  the  preparation  of  lyes.  Fig.  32  shows  the  principle  of  a 
steamer  for  emptying  barrels,  hogsheads,  etc.  By  its  use  the 
waste  by  the  old  method  of  digging  out  the  tallow,  cocoanut 
oil,  etc.,  is  avoided,  and  the  package  is  not  destroyed  or  dam- 
aged in  the  least  and  is  left  perfectly  clean.  The  stock  is  also 
cleaned,  all  the  dirt  settling  to  the  bottom  of  the  receiving 
tank,  along  with  the  water  from  the  steam.  The  stock  is  also 
hot  when  run  into  the  soap  kettle,  saving  lime  and  steam. 

FiQ.  32. 


Either  direct  or  indirect  steam  is  used  for  boiling  soap. 
In  boiling  with  direct  steam  stronger  lyes  are  required  than 
with  indirect  steam  or  with  an  open  fire,  so  that  not  too  much 
water  gets  into  the  soap.  Superheated  steam  may  in  this 
case  be  recommended,  but  is  not  absolutely  required.  Boil- 
ing with  direct  steam  in  large  kettles  answers  very  well,  but. 
with  indirect  steam  under  the  same  conditions,  proper  boiling 
does  not  take  place,  as  in  laige  double  or  jacketed  kettles  the 
soap  boils  only  near  the  walls  of  the  kettle,  and  with  steam 
coils  only  close  by  the  steam  pipes.  Indirect  steam  has 
proved  a  success  only  with  small  double  boilers  for  the  pro- 
duction of  toilet  soap,  half-grained  soaps  and  paste  soaps. 


PRODUCTION    OF   SOAPS.  219 

The  method  of  boiling  with  direct  steam  and  an  open  fire, 
which  is  frequently  employed,  has  proved  very  satisfactory. 

With  the  use  of  direct  steam  the  latter  enters  through  a 
pipe-system  on  the  inner  wall  of  the  kettle.  By  steam  the 
stock  of  fat  and  lye  is  more  rapidly  brought  to  the  boil  than 
is  possible  with  an  open  fire  under  the  kettle.  As  the  com- 
bination between  fat  and  alkali  takes  place  very  rapidly,  the 
•contents  of  the  kettle  may  sometimes  show  a  tendency  to  boil 
over,  but  this  can  soon  be  curbed  by  shutting  off  the  steam. 
The  steam  which  passes  into  the  kettle  of  course  carries  along 
considerable  moisture,  and  this  has  to  be  taken  into  consider- 
ation as  regards  the  strength  of  the  lye  to  be  used,  i,  e.,  lyes 
of  much  greater  density  have  to  be  employed  than  in  boiling 
over  an  open  fire. 

The  soap  paste  which  is  very  soon  obtained  by  the  action  of 
the  steam  has  to  be  either  salted  out  or  evaporated.  For 
salting-out  it  is  best  to  use  spent  lye  from  a  former  operation 
in  which  additional  salt  is  dissolved.  With  the  use  of  dry 
salt  the  operation  requires  more  time,  the  reason  for  this  be- 
ing that  the  salt  immediately  falls  to  the  bottom  of  the  kettle. 
In  boiling  with  an  open  fire,  the  salt,  by  the  required  stirring 
is  again  raised  and  soon  dissolved,  but  in  boiling  with  steam 
there  is  no  stirring  and  consequently  it  takes  much  longer  for 
the  salt  to  dissolve. 

For  preparatory  boiling  and  boiling  to  grain  soaps  which 
are  to  be  salted  out,  the  use  of  steam  is  the  quickest  and  surest 
method.  It  has  the  further  advantage  of  the  soaps  thus  pro- 
duced retaining  their  light  color,  as  they  cannot  suffer  damage 
from  the  heat  of  the  fire.  After  drawing  off  the  spent  lye,  an 
open  fire  is,  however,  again  used  in  order  to  prevent  the  in- 
corporation of  unnecessary  water  which  would  later  on  have 
to  be  evaporated.  The  application  of  direct  steam  is  in  order 
only  in  the  case  of  fitting  ground  grained  soaps  and,  ^hen  lye 
of  sufiQcient  strength  has  been  used,  such  soaps  can  frequently 
be  entirely  finished,  especially  when  lye  of  caustic  soda  is  em- 
ployed, the  grain,  when  salted-out,  being  then  often  obtained 
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perfectly  free  from  froth.     The  water  formed  by  the  introduc- 
tion of  the  steam  effects  here  a  gradual  grinding  of  the  soap. 

For  boiling  with  indirect  steam  the  kettle  is  fitted  with  a 
steam  coil  running  in  several  turns  along  the  walls  of  the 
kettle  and  finally  terminating  outside.  Thus  no  steam  or 
water  formed  by  condensation  enters  the  kettle.  The  end  of 
the  steam-coil  is  provided  with  a  stop-cock  for  regulating  the 
passage  of  the  steam  through  the  coil.  The  lowest  turn  of  the 
coil  is  about  5f  inches  above  the  bottom  of  the  kettle. 

For  boiling  with  indirect  steam  a  higher  pressure  is  required 
than  with  direct  steam.  The  mixture  of  fat  and  lye  comes 
readily  and  quickly  to  the  boil  and,  as  in  boiling  with  direct 
steam,  a  tendency  of  the  contents  of  the  kettle  to  rise  can  be 
checked  by  shutting  off  the  steam.  The  formation  of  water 
by  the  condensation  of  steam  being  here  avoided,  lyes  of  the 
usual  strength  can  be  employed.  For  soaps  which  are  to  be 
salted-out,  this  method  of  boiling  is  all  that  can  b6  desired,  the 
operation  proceeding  smoothly  and  regularly,  as  the  lye  can 
always  be  kept  at  a  uniform  boil. 

The  case  is,  however,  different  when  boiling  half-grained, 
smooth  white-grained,  or  soft  soaps.  These  are  soaps  from 
which  the  moisture  required  for  combination  has  to  be  again 
partly  evaporated.  So  long  as  the  soaps  are  thin,  i.  e.,  contain 
a  large  amount  of  water,  everything  proceeds  smoothly,  but  as 
soon  as  the  soap  thickens,  it  is  impossible  to  further  evaporate 
them  with  the  assistance  of  indirect  steam.  Caustic  potash 
lye  of  60°  B.  being  at  present  available,  soft  soaps  are  also  fre- 
quently boiled  with  indirect  steam.  The  caustic  potash  lye  is, 
according  to  the  season  of  the  year,  mixed  with  16  to  20  per 
cent,  of  98  per  cent,  calcined  potash,  and  the  lye  made  up  to 
33*^  B.  Saponification  proceeds  well  and  the  process  has 
proved  a  success  as,  owing  to  the  high-grade  lyes,  no  water 
has  to  be  evaporated. 

In  this  country  where  the  kettles  are  provided  with  direct 
as  well  as  indirect  steam,  the  procedure  of  boiling  rosined 
grained  soaps  is  as  follows :  When  the  fat  together  with  the 
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rosin  lye  has  been  brought  into  the  kettlej  direct  steam  is  in- 
troduced or  the  mixture  is  brought  to  boiling  by  indirect 
steam.  When  the  mass  boils,  the  operation  is  continued  with 
direct  steam,  whereby  the  contents  of  the  kettle  are  kept  in 
constant  undulating  motion,  and  lye  is  then  added  until  the 
paste  becomes  clear.  Salting-out  is  then  proceeded  with  in 
the  usual  manner  and,  when  the  salt  is  dissolved,  the  direct 
steam  is  shut  off  and  boiling  with  indirect  steam  continued 
till  a  sample  of  the  lye  is  perfectly  clear  and  thinly-fluid. 
After  the  time  required  for  settling,  the  spent  lye  is  drawn  off 
through  a  stop-cock  on  the  lower  part  of  the  kettle.  The  lye 
required  for  clear  boiling  is  then  brought  into  the  kettle  and 
boiling  with  indirect  steam  continued  till  the  soap  possesses 
the  characteristics  of  a  well-boiled  grained  soap. 

Closed  apparatus  is  sometimes  used  for  boiling  soap  in  this 
country,  as  well  as  in  England.  It  has  the  drawback  that  the 
course  of  the  process  cannot  be  suflSciently  watched. 

Skvkral  More   Modern  Processes  in  the  Manufacture 

OF  Soap. 

Saponification  by  alkaline  sulphides, — Pelouze  has  observed 
that  the  alkaline  sulphides,  used  in  the  same  manner  as 
caustic  alkalies,  possess  the  property  of  saponifying  fats.  At 
an  ordinary  temperature  saponification  takes  place  in  five  to 
ten  days,  but  immediately  with  the  aid  of  heat.  In  the  latter 
case  hydrogen  escapes  and  one  equivalent  of  sodium  sulphide 
yields  the  same  quantity  of  soap  as  one  equivalent  of  anhy- 
drous soda. 

In  regard  to  this  method  of  saponification,  DuUo  remarks 
that  though  saponification  is  quickly  and  completely  effected, 
he  cannot  confirm  the  statement  that  the  disagreeable  odor  can 
be  removed,  except  Pelouze  possesses  a  means  not  published 
by  him.  Even  when  carefully  avoiding  an  excess  of  sodium 
sulphide  and  expelling  the  sulphuretted  hydrogen  by  con- 
tinued heating,  a  disagreeable  odor  remained  behind  which 
could  not  be  removed. 
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J.  Laurent  raises  the  following  objection  to  Pelouze's  method^ 
which  deserves  attention.  Two  factories  in  Marseilles  manu- 
facture daily  44,000  pounds  of  soap,  and  if  they  should  adopt 
this  new  method,  600  cubic  meters  (17658.29  cubic  feet)  of 
sulphuretted. hydrogen  would  be  daily  developed,  the  injurious 
influence  of  which  upon  the  health  of  the  workmen  and  the 
hygienic  condition  of  Marseilles  would  be  incalculable. 

Direct  saponification  of  oil  fruits. — ^^Liebreich  has  patented  a 
process  for  the  direct  saponification  of  copra.*  The  copra  is 
comminuted,  then  saponified  with  caustic  soda  lye,  and  the 
soap  paste  separated  from  the  cellulose  by  means  of  a  centrif- 
ugal machine.  By  salting  out  the  paste  a  grained  soap  is  ob- 
tained which  is  so  hard  that  it  cannot  be  cut  by  any  of  the 
usual  cutting  machines. 

Soaps  made  of  cocoanut  oil  are  difficult  to  salt  out,  and  when 
finally  separated  by  the  use  of  too  much  salt,  indose  a  con- 
siderable quantity  of  the  latter.  Soaps  formerly  prepared,  ac- 
cording to  Liebreich's  process,  by  the  Manufactory  of  Chem- 
ical Products  at  Charlottenburg,  from  pure  copra  or  from 
copra  and  some  olein,  showed  the  above  defect  of  containing 
a  considerable  quantity  of  salt,  and  made  the  hands  rough. 

Liebreich  claims  as  an  advantage  of  his  process  that  it  is 
the  only  sure  method  by  which  a  neutral  soap  can  technicafly 
be  produced.  It  is  difficult  to  comprehend  why  such  should 
be  the  case,  as  there  can  be  no  doubt  that  a  neutral  soap  can 
be  prepared  by  the  usual  methods  of  salting  out  and  grinding. 

Preparation  of  soap  by  the  conversion  of  calcium  oleate  with 
alkaline  carbonate. — As  far  back  as  1873,  Tardoni  entered  in 
England  a  patent  for  the  conversion  of  lime  soap  into  soda 
soap  by  treatment  with  sodium  carbonate,  but  the  process 
appears  to  have  never  been  carried  on  on  a  large  scale.  The 
idea  has  recently  been  again  taken  up  by  Krebitz,t  his 
method  being  as  follows : 

*  The  dried  meat  of  the  cocoanut 

t  German  patent  No.  155108  was  granted  to  Peter  Krebitz  for  the  preparation 
of  an  insoluble  soap,  the  constitution  of  which  renders  possible  the  ready  separa- 
tion of  glycerin. 
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The  fats  are  melted,  heated  to  212°  F.,  and  saponified  with 
lime.  For  100  lbs.  of  fat  about  14  lbs.,  more  or  less,  of  lime, 
according  to  its  quality,  are  required.  The  lime  is  slaked 
with  water  and  gradually  stirred  into  the  fat  previously 
heated  to  212°  F.  When  all  the  lime  has  been  introduced 
heating  is  discontinued,  the  kettle  tightly  covered  and  allowed 
to  stand  quietly  over  night.  Spontaneous  heating  takes  place, 
and  the  next  morning  the  lime  soap  lies  finished  in  the  kettle. 
It  is  taken  out,  ground  and  sieved,  when  it  is  brought  into  a 
filtering  tank  and  washed  twice  with  hot  water  to  obtain  the 
glycerin.  The  glycerin-liquor  thus  obtained  has  a  density  of 
5  to  6°  B.  The  lime-soap  is  allowed  to  drain  off,  then  re- 
turned to  the  saponifying  kettle,  and  for  every  100  lbs.  of  fat 
used  21  lbs.  of  soda,  previously  dissolved  in  water  to  about 
30°  B.,  are  added.  Convereion  is  effected  with  the  assistance 
of  steam  or  over  an  open  fire.  The  lime  combines  with  the 
carbonic  acid  of  the  soda  to  insoluble  carbonate  of  lime  which 
settles  on  the  bottom,  while  the  fatty  acid  forms  soap  with  the 
soda.  To  those  who  are  inexperienced,  it  is  recommended  to 
use  a  small  quantity  of  caustic  soda,  though  it  is  not  neces- 
sary. The  soap  is  like  every  other  soap  ground  with  salt, 
and  eventually  separated.  The  lime  must  be  thoroughly 
washed  to  obtain  all  the  soap.  The  resulting  soaps  are  light 
in  color ;  they  contain  traces  of  lime.  The  glycerin  of  course 
contains  fewer  foreign  constituents  than  are  contained  in  the 
spent  lyes,  but  is  more  impure  than  that  obtained  by  auto- 
clave-saponification.  The  process  was  formerly  not  available 
for  soft  soap,  but  means  have  now  been  found  to  make  it  so. 

Opinions  regarding  the  value  of  Krebitz's  process  vary  very 
much.  Its  drawbacks  are  that  it  is  troublesome,  further  the 
difficulty  of  inducing  complete  saponification  of  the  fat  with 
lime  without  the  use  of  an  excess  of  the  latter,  of  obtaining 
all  the  glycerin  from  the  lime  soap,  of  attaining  complete  con- 
version of  the  lime  soap  with  alkaline  carbonates,  and  prevent- 
ing soap  or  fat  from  remaining  in  the  carbonate  of  lime,  or 
lime  in  the  soap.     Thus  satisfactory  results  can  only  be  arrived 
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at  by  carrying  on  the  operation  with  the  greatest  care  and  at- 
tention. Another  drawback  is  the  large  residue  of  carbonate  of 
lime.  Krebitz  saponifies  with  14  per  cent,  of  lime,  and  thus 
returns  to  the  oldest  method  of  lime  saponification,  in  which 
14  to  15  per  cent,  of  lime  was  used,  while  theoretically  not 
even  10  per  cent,  is  required.  While  in  Krebitz's  process 
there  is  no  expense  for  sulphuric  acid  for  this  large  quantity 
of  lime,  it  has  still  the  disadvantage  that  the  larger  the  insol- 
uble residue  is  the  greater  the  danger  of  soap  or  fat  remaining 
in  it.  Besides  many  plants  would  find  it  difficult  and  expen- 
sive to  get  rid  of  this  residue,  although  others  might  be  able 
to  sell  it,  mixed  with  ashes,  as  a  fertilizer,  or  thoroughly  com- 
pounded with  water,  discharge  it  into  a  stream. 

Method  for  the  preparation  of  soaps  of  a  light  color. — Carl 
Dreymann  *  prepares  from  impure,  and  also  badly-smelling, 
fats  and  oils,  even  with  the  use  of  a  very  large  percentage  of 
rosin,  firm,  and  odorless  soaps  of  a  light  color,  by  washing  the 
finished  soaps  which  contain  the  impurities  with  a  3  to  20  per 
cent,  soap  solution.  By  continuous  crutching  of  the  soap  in 
the  washing  fluid,  the  impurities  settle  on  the  bottom  of  the 
kettle,  the  results  being  complete  purification,  and  also  re- 
moval of  the  bad  odor.  To  remove  the  excess  of  water  the 
soft-soap  mass  is  then,  according  to  its  kind,  boiled  with  brine 
of  9  to  20°  B.  The  brine  must  be  of  sufl5cient  strength  to  fix 
enough  water  so  that  the  soap  after  salting-out  only  shows  a 
yield  of  145  to  148  per  cent.  Even  in  this  state  the  soap  is 
too  soft  and  watery,  and  has  to  be  hardened  in  a  separate 
kettle  by  crutching  in  2  to  3  per  cent,  of  brine  of  2  to  10®  B. ; 
the  less  water  the  soap  contains  the  weaker  the  brine  should 
be.  In  place  of  the  latter,  solutions  of  sodium  sulphate,  potas- 
sium sulphate,  potassium  chloride  and  silicate  of  soda,  or  sol- 
uble glass,  or  also  soap  solution  may  be  used.  It  is  claimed 
that  in  this  manner  a  uniformly  firm  soap  with  a  dry  feel  and 
of  light  color,  without  the  stickiness  of  rosin,  is  obtained. 

*  English  patent  No.  3973,  1903. 
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Saponification  of  fatty  adds  according  to  the  ammonia-soap 
process. — A  transposition  similar  to  that  of  ammonium  bicar- 
bonate and  common  salt  to  sodium  bicarbonate  and  am- 
monium chloride — the  ammonia-soda  process — can  also  be 
entered  into  by  the  ammonia  salt  of  the  higher  fatty  acids 
with  sodium  chloride,  soda-soap  and  ammonium  chloride 
being  formed — ammonia-soap  process. 

The  utilization  of  this  chemical  process  was  first  proposed, 
in  1869,  by  J.  C.  Leucks,  who  recommended  that,  where  am- 
monia could  be  obtained  at  a  low  price,  it  might  be  used  for 
saponification,  especially  of  olein,  and  the  resulting  ammonia- 
soap  be  decomposed  by  common  salt  into  soda  soap  and 
ammonium  chloride. 

Independent  of  this  the  English  chemist,  Whitelaw,  de- 
scribed, in  1876,  in  the  "  Chemical  News,*'  a  method  for  the 
preparation  of  soap  direct  from  common  salt,  and,  according 
to  him,  100  parts  fatty  acid,  15  to  20  parts  ammonia,  20  to  30 
parts  common  salt  and  200  to  300  parts  water,  were  to  be 
taken  for  the  purpose.  The  conversion  was  to  be  eff'ected 
with  the  assistance  of  heat. 

The  conversion  of  fatty  acid  according  to  the  ammonia-soap 
process  was  also  the  object  of  two  German  patents  of  1888  and 
1893.* 

Stiepel  has  recently  given  a  more  detailed  description  of  the 
ammonia-soap  process  as  follows  :  As  initial  material,  which  is 
to  be  converted  into  ammonia  soap,  free  fatty  acid  is  only 
available.  The  ammonia  soap  could,  to  be  sure,  be  prepared 
direct  from  neutral  fat  by  saponification  with  ammonia,  but 
the  process  is  not  rational  as  contrasted  with  the  method  re- 
ferred to,  which  is  divided  into  two  stages :  1.  The  .conversion 
of  the  fats  into  fatty  acids  according  to  one  of  the  known 
methods  of  saponification,  and  2,  the  preparation  of  the  am- 
monia-soap from  fatty  acid  and  ammonia. 

The   preparation   of  the   latter  succeeds  very  readily  by 

*  German  patents  Nos.  43340  and  72921. 
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bringing  the  liquid  fatty  acid  into  ammonia  water,  the  am- 
monia soap  forming  thereby,  according  to  the  kind  of  fatty 
acid,  a  more  or  less  viscid,  jelly-like  mass.  By  adding,  whilst 
constantly  stirring,  common  salt  solution  to  this  ammonia- 
soap,  soda  soap  separates  upon  a  watery  spent  lye.  Accord- 
ing to  Stiepel,  a  saponification  of  95  to  100  per  cent,  is  efifected 
when  working  in  the  cold.  The  ammonium  chloride  is  said 
to  be.  regained  by  repeated  washing  of  the  soap.  The  soap  is 
obtained  in  small  grains,  which  by  suitable  machinery  have 
to  be  brought  into  salable  shape. 

Saponification  of  fatty  add  with  silicate  of  soda  or  soluble  glass, 
— The  earliest  reference  to  the  saponification  of  fatty  acids  by 
means  of  silicate  of  soda  is  found  in  an  English  patent,* 
granted  in  1855,  to  W.  Gossage,  for  **a  method  of  preparing 
certain  kinds  of  soap."  The  object  of  the  invention  was  the 
preparation  of  soap  from  rosin  and  fatty  acids  by  saponifying 
them  with  silicate  of  soda  solution,  or  from  neutral  fats  by 
mixing  them  with  calculated  quantities  of  silicate  of  soda,  and 
boiling.  Stiepel  tested  the  latter  proposition  and  found  that 
neutral  fats  cannot  be  successfully  saponified  to  any  extent  in 
a  simple  manner  by  silicate  of  soda  solutions ;  on  the  contrary, 
only  free  fatty  acids  can  be  converted  into  soap  by  silicate  of 
soda,  the  silicic  acid  being  separated.  A  subsequent  saponifi- 
cation of  the  neutral  fat  after  the  saponification  with  silicateof 
soda,  by  means  of  caustic  alkali  with  the  use  of,  for  instance, 
85  per  cent,  fatty  acid,  as  is  possible  in  the  soda  saponification 
is,  in  this  case,  not  practicable  for  the  following  reason :  In 
soda  saponification,  just  as  in  silicate  of  soda  saponification,  a 
weaker  acid  is  expelled  by  the  fatty  acid,  carbonic  acid  in  the 
first  case  and  silicic  acid  in  the  latter.  The  fundamental  dif- 
ference between  the  two  kinds  of  saponification  consists  in  that 
in  the  first  the  separated  acid — carbonic  acid — escapes  as  a 
gas  from  the  soap  mass,  while  the  silicic  acid  remains  in  it  as 
free  acid.     Now  by  adding  caustic  alkali  to  this  soap  mass,  it 

*  English  patent  No.  908. 
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Gontinaes,  in  the  soda  saponification,  to  exist  as  free  alkali ; 
while  in  the  silicate  of  soda  saponification  it  again  combines 
with  the  silicic  acid  to  silicate  of  soda.  The  caustic  alkali  can 
therefore  become  efiective  in  the  saponification  only  after  all 
the  silicic  acid  has  been  reconverted  into  silicate  of  soda.  For 
this  reason  the  preparation  of  such  silicate  of  soda  soaps  can 
be  of  advantage  only  when  working  with  about  100  per  cent, 
fatty  acids. 

It  would  seem  that  in  the  preparation  of  firm  soda  soaps, 
which  should  not  contain  more  than  a  certain  percentage,  the 
use  of  silicate  of  soda  by  itself  is  not  applicable  since  silicate 
of  soda  of  35°  B.  contains  merely  8  per  cent,  of  saponifiable 
alkali.  Hence  100  parts  of  fatty  acid  with  a  saponifi cation- 
number  of  about  200  would  require  about  180  parts  of  silicate 
of  soda  for  complete  saponification,  and  the  result  would  be  a 
yield  of  280.  However,  such  product  would  turn  out  too  soft. 
For  the  preparation  of  firm  soda  soaps  a  mixture  of  caustic 
soda  and  silicate  of  soda  will  therefore  have  to  be  employed. 
As  stock  for  such  a  soap  may  serve  :  100  lbs.  tallow  fatty  acid 
and  40  lbs.  rosin,  saponified  with  82.5  lbs.  silicate  of  soda  in 
which  18.5  lbs.  solid  caustic  soda  have  previously  been  dis- 
solved. The  fat  is  heated  to  the  melting  point  and  silicate  of 
soda  solution  at  176°  F.  is,  whilst  constantly  stirring,  added 
as  rapidly  as  possible,  the  temperature  rising  thereby  consid- 
erably. The  mass  is  stirred  until  intimate  mixture  and 
saponification  have  been  attained  and  a  perfectly  uniform 
mass  has  been  produced.  The  mass  while  semi-liquid  is 
brought  into  the  frame  to  cool.  Further  filling  with  silicate 
of  soda  is  not  excluded. 

The  preparation  of  potash  soaps  may  be  effected  in  the  same 
manner  with  the  use  of  a  considerably  larger  percentage  of 
silicate  of  soda. 

While  this  method  of  preparing  hard  soaps  possesses  pecuni- 
arily no  material  advantage  over  the  customary  process,  the 
products  obtained  might,  however,  prove  superior  to  other 
soaps  in  cases  where  a  large  amount  of  dirt  has  to  be  re- 
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moved.  The  silicic  acid  separated  during  the  sapoDification 
process  is,  to  be  sure,  present  in  a  finely  divided  state.  It 
becomes,  however,  effective  as  a  rubbing  agent  in  using  the 
soap  whereby  the  cleansing  action  is  considerably  augmented. 
A  cheap  laundry  soap  which  thoroughly  cleanses  in  this  man- 
ner without  the  presence  of  strong  caustic  alkalies,  would  be 
in  demand  for  many  purposes,  especially  for  washing  working 
mens'  clothes. 

Means  for  correcting  the  alkaline  action  of  soap.  It  is  a  well 
known  fact  that  many  a  sensitive  skin  cannot  stand  washing 
even  with  perfectly  neutral  soap.  The  skin  becomes  dry  and 
there  is  a  peculiar  burning  sensation  which  may  be  relieved 
by  the  application  of  cold  cream  or  dilute  glycerin.  The  ex- 
planation of  this  effect  of  the  soap  is  found  in  the  fact  that  the 
alkali,  which  splits  off  when  the  soap  is  dissolved  in  water, 
withdraws  oil  from  the  skin.  For  obviating  the  alkaline  effect 
of  neutral,  as  well  as  of  slightly  alkaline,  soaps,  various  addi- 
tions to  the  soap  have  been  recommended.  For  medicated 
soaps  Unna  proposed  to  super-fatten  them,  and  for  this  pur- 
pose gave  the  following  formula :  Best  beef  tallow  16  parts, 
olive  oil  2,  soda  lye  of  38^  B.  6,  potash  lye  of  38°  B.  3.  He 
recommends  this  soap  not  only-  for  skin  diseases,  but  also  to 
physicians  who  have  to  wash  their  hands  frequently  in  the 
course  of  a  day.  Since  soaps  which  contain  free  fat  turn 
readily  rancid.  Dr.  Ewald  Geissler  has  recommended  the  use 
of  fatty  acid  in  place  of  neutral  fat.  It  has  recently  been 
sought  to  secure  the  same  object,  especially  with  toilet  soaps, 
by  an  addition  of  lanolin.  However,  as  under  ordinary  con- 
ditions lanolin  is  non-saponifiable,  its  action  can  only  be  a 
mechanical  one,  the  same  being  very  likely  the  case  of  neutral 
fat  in  over- fatted  soaps. 

Since  white  of  egg  (albumen)  possesses  the  property  of  form- 
ing with  alkalies  a  non-caustic  alkaline  albuminate,  soaps  with 
white  of  egg  have  repeatedly  been  prepared  and  some  patents  * 

*Qerman  patents  Nos.  112,456, 122,354  and  184,933. 
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for  methods  of  preparing  them  have  quite  recently  been 
granted.  On  account  of  its  high  price  white  of  egg  can  only 
be  used  to  a  limited  extent,  and  attention  has  been  directed 
towards  other  varieties  oi  albumen,  such  as  serum  albumin  or 
blood  albumen  and  the  casein  of  milk,  the  latter  being  prefer- 
able, as  its  color  is  almost  white,  while  that  of  the  former  is 
yellow.  Casein  combines  with  free  alkali  as  well  as  with  car- 
bonates to  an  albuminate  which  in  watery  solution  is  also  not 
subject  to  hydrolysis. 

According  to  Dr.  Karl  Braun,  soaps  have  recently  been 
recommended  that  have  been  rendered  neutral  by  the  addi- 
tion of  malt  extract  and  also  of  malt  sugar.  The  free  alkali 
forms  with  the  sugar  a  sodium  saccharate.  Soaps  with  such 
an  addition  are  claimed  to  possess  great  lathering  power.  Dr. 
Braun  also  considers  mucilage  or  gum  as  suitable  for  fixing 
the  free  alkali  in  toilet  soaps.  He  also  recommends  borax  for 
the  same  purpose.  By  dissolving  borax  in  water,  decomposi- 
tion takes  place,  according  to  Dr.  Braun,  into  sodium  meta- 
borate  and  free  boric  acid,  Na9B407  +  3H90  =  2H8B03  + 
2NaB0a.     The  boric  acid  fixes  the  free  alkali  to  a  borate. 

Wilhelm  Rodiger  has  patented  a  method  for  freeing  soaps 
from  all  adhering  caustic  soda  by  the  introduction  of  bicar- 
bonates,  sodium  bicarbonate  being  added  to  the  soaps  after 
fitting.*  The  sodium  bicarbonate  on  coming  in  contact  with 
caustic  alkalies  yields  one-half  its  carbonic  acid  and  forms 
either  with  the  free  alkalies  alkaline  carbonate  or,  as  the  pat- 
entee has  patented  the  process  for  paste  soaps,  with  the  car- 
bonates a  sesqui  salt.  The  toilet  and  shaving  soaps  prepared 
with  the  addition  of  sodium  bicarbonate  are  brought  into 
commerce  by  Kluge  &  Co.,  of  Magdeburg,  Germany,  under 
the  name  of  '^  patented  normal  soaps." 

*  Qerman  patent  No.  27,325. 
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Hard  Soaps. 


I.    GRAINED  SOAPS. 


a.  Grained  Soap  upon  Spent  Lye. 

The  boiling  of  grained  soap  upon  sub-lye  or  spent  lye  may 
be  divided  into  three  principal  operations :  Preparatory  boil- 
ing or  pasting;  salting-out,  or,  as  it  is  sometimes  called, 
graining;  and  clear  boiling  or  boiling  on  strength.  The 
object  of  the  first  operation  is  the  saponification  of  the  fats, 
that  of  the  second  the  separation  of  the  soap  from  the  glycerin 
and  the  superfluous  water,  and  that  of  the  third  to  complete 
saponification  and  to  ensure  that  the  soap  is  quite  free  from 
unsaponified  fat.  The  grained  soaps  are  generally  named 
after  the  principal  fat  used  in  their  preparation,  as,  for  in- 
stance, tallow  grained  soap,  palm  oil  grained  soap,  olein 
grained  soap,  rosin  grained  soap,  etc. 

Old  German  grained  soap, — Prior  to  the  introduction  of 
soda,  potash  was  exclusively  used  for  the  •  saponification  of 
fats,  and,  if  grained  soap  was  to  be  prepared,  the  soft  soap  re- 
sulting from  the  saponification  of  the  fats  was  decomposed  by 
common  salt.  The  alkali  required  was  originally  obtained 
from  wood  ashes  by  intimately  mixing  the  latter  with  slaked 
lime  and  adding  a  certain  quantity  of  water  to  the  mass ;  the 
resulting  caustic  lye  being  used  for  boiling.  Later  on  the  use 
of  potash  was  introduced  in  many  soap-boiling  plants,  as  it 
afforded  a  cleanly,  convenient  and  sure  means  of  working. 
Although  at  the  present  time  but  little  grained  soap  is  made 
with  the  assistance  of  potash,  a  description  of  the  process  is 
here  given,  as  it  is  of  historical  and  theoretical  interest. 
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The  tallow  is  brought  into  the  kettle,  the  lower  portion  of 
which  consisted  generally  of  cast  iron  and  the  upper  of  wood, 
lined  with  roofing  tiles,  as  a  rule  laid  in  cement.  A  few  pots 
full  of  lye  of  8°  B6.  are  then  added  and  the  fire  started.  As 
soon  as  the  tallow  is  melted  and  the  lye  heated  a  milky  fluid 
(emulsion)  is  at  once  formed  by  crutching.  After  further 
heating  a  clear  soap  solution  mixed  with  fat  particles  appears, 
and  combination  between  fat  and  alkali  soon  sets  in.  That 
combination  has  taken  place  is  recognizees  by  the  yellow- 
brown  mass  boiling  quietly  while  gradually  rising.  A  sample 
adhering  to  a  spatula  dipped  into  the  mass  has  a  jelly-like, 
gray-white  appearance,  and  no  lye  separates.  However,  the 
mass  in  the  kettle  is  not  yet  soap,  as  it  still  contains  too  much 
unsaponified  fat,  and  if  evaporated  in  this  state  would  result 
in  a  thick,  gray  grease,  which  could  again  be  dissolved  by 
the  addition  of  lye.  Hence,  while  the  mass  is  quietly  boiling 
in  the  kettle,  more  lye,  generally  two-thirds  of  8°  B.  and  one- 
third  of  20°  B.  is  added.  The  addition  of  lye  is  continued 
until  a  viscid,  homogeneous,  clear  mass  is  in  the  kettle, 
which  runs  off  the  spatula  in  cohesive,  long,  transparent 
strings ;  or,  as  it  is  called,  the  soap  boils  in  paste. 

From  the  condition  of  the  paste  it  is  seen  whether  complete 
saponification  has  taken  place  and  whether  the  proportion  of 
alkali  to  fatty  acids  has  been  correct.  If  some  of  the  soap  be 
dropped  upon  a  glass-plate  and  this  sample  for  some  time  re- 
mains clear  and  becomes  turbid  only  on  cooling,  the  paste  is 
of  the  proper  quality  ;  if,  on  the  other  hand,  the  sample  be- 
comes in  a  short  time  turbid,  such  turbidity  is  due  either  to 
unsaponified  fat  distributed  in  small  particles  in  the  paste,  or 
to  the  addition  of  too  much  lye  and  the  consequent  separation 
of  solid  soap.  Unsaponified  fat  is  present  if  a  gray  border 
appears  immediately  on  the  edge  of  the  sample,  while  in  the 
presence  of  an  excess  of  alkali  the  sample  becomes  rapidly 
coated  with  a  whitish  film.  Such  defects  are  readily  cor- 
rected by  the  addition  of  lye  or  tallow.  When  the  paste  is  ' 
sufiSciently  clear,  and  a  sample  brought  in  contact  with  the 
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tongue  causes  a  slight  burning  sensation,  or  shows,  as  it  is 
technically  termed,  a  slight  touchy  it  is  vigorously  boiled  in 
order  to  deprive  it  of  a  portion  of  the  superfluous  water,  until 
it  runs  in  threads  from  the  spatula,  which  is  termed  spinning 
of  the  soap.  As  soon  as  this  moment  arrives,  the  separation 
of  the  soap  from  its  aqueous  solution  by  means  of  common  salt 
is  commenced,  which  at  the  same  time  effects  the  transforma- 
tion of  the  potash  soap  into  soda  soap. 

The  salt  is  added  gradually  and  in  small  portions,  and 
after  each  addition  the  paste  is  allowed  to  boil  for  a  short  time 
in  order  to  enable  the  operator  to  watch  the  full  effect  of  the 
salt,  which  does  not  show  itself  at  once.  The  first  addition  of 
salt  effects,  as  a  rule,  a  liquefaction  of  the  paste.  After  further 
additions,  the  soap  coagulates  and  Anally  comes  as  a  thick 
mass  to  the  surface.  The  separation  is  due  to  the  soap  being 
insoluble  in  salt  solution  and  the  salt  withdrawing  water  from 
the  soap.  The  fluid  separated  from  the  soap,  which  is  called 
sub-lye  or  spent  lye,  contains,  besides  the  common  salt  added, 
the  potassium  chloride  formed  by  the  decomposition  and  the 
glycerin  formed  by  the  saponification. 

Great  attention  was  formerly  paid  to  the  operation  of  salt- 
ing out,  since  with  an  insufficient  addition  of  common  salt  a 
portion  of  the  soap  remains  dissolved  in  the  spent  lye,  and 
with  too  much  salt  the  soap  separates  too  quickly,  so  that 
there  is  danger  of  small  lumps  being  formed  which  combine 
with  difficulty  and  hence  absorb  spent  lye.  Soap  properly 
salted  out  must,  when  taken  hot  upon  the  spatula,  adhere  to 
it  in  soft  flakes,  boil  into  lamina',  and  a  sample,  on  being 
pressed  with  the  thumb  in  the  palm  of  the  hand,  must  not 
smear,  but  peel  off  as  a  solid,  dry  chip,  or,  as  it  is  technically 
called,  have  pressure.  The  spent  lye,  when  tested,  should  not 
have  a  pungent,  but  a  saltish-sweetish  taste. 

When  salting-out  is  finished,  the  fire  is  withdrawn  and  the 
spent  lye,  when  thoroughly  settled,  is  drawn  off  through  a 
stop-cock  near  the  bottom  of  the  kettle  or  pumped  out ;  or  the 
entire  contents  of  the  kettle  are  transferred  to  the  cooling  tank 
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and  allowed  to  rest  for  the  spent  lye  to  settle.  A  quantity  of 
the  weakest  lye  is  then  brought  into  the  empty  kettle,  and  the 
soap,  being  carefully  removed  from  the  spent  lye  in  the  cool- 
ing vat,  is  added  and  dissolved  to  a  clear  paste,  which  is  again 
carefully  salted  out.  But  little  salt  is  required  for  this  opera- 
tion, as  it  only  serves  for  the  absorption  of  water.  The  next 
operation,  clear  boiling  of  the  soap,  is  now  proceeded  with. 

The  object  of  clear  boiling  is  to  withdraw  superfluous  water 
from  the  soap,  to  saponify  the  last  remnants  of  fat,  and  to 
form  the  soap  into  a  solid  mass  free  from  froth.  This  opera- 
tion wais  generally  executed  by  allowing  the  soap  to  boil  up 
high  with  a  quiet,  uniform  fire,  keeping  the  paddle  always 
ready  to  prevent  boiling  over  by  beating  the  soap,  or,  as  it  is 
called,  checking  or  curbing  the  soap.  The  soap  at  the  beginning 
not  sufficiently  separated  from  the  spent  lye  soon  seethes  up  in 
small  bubbles.  By  continued  boiling,  with  the  kettle  usually 
half-covered,  water  is  gradually  evaporated,  the  salty  lye  be- 
comes more  and  more  concentrated,  and  by  withdrawing  more 
and  more  water  from  the  soap  the  latter  becomes  more  con- 
.tracted  and  viscid.  Large  laminse  form  on  the  surface,  and 
the  steam  developed  on  the  bottom  of  the  kettle  escapes  with 
great  noise  through  the  thickening  soap.  The  froth  now  full 
of  large  bubbles  subsides  gradually,  the  soap  forms  a  ho- 
mogenous mass,  and  no  more  water  being  withdrawn  from  it, 
clear  boiling  is  finished.  On  repeating  the  test  with  the  thumb 
the  soap  can  be  rubbed  to  a  dry,  pliant  chip.  After  withdraw- 
ing the  fire,  the  soap  is  allowed  to  rest  a  few  hours  for  the 
spent  lye  to  settle  thoroughly,  and  is  then  brought  into  the 
frame.  When  such  a  clear-boiled  viscid  soap  is  brought  into 
the  frame  a  slight  mottle  is  readily  produced  in  it  by  adhering 
impurities.  As  mottled  soap  was  formerly  considered  especi- 
ally good,  bole  elutriated  in  lye,  pyrolusite,  etc.,  were  fre- 
quently mixed  with  the  soap  before  bringing  it  into  the 
frame,  in  order  to  make  the  mottling  more  pronounced.  If, 
on  the  other  hand,  smooth  soap  was  desired,  the  thick  grain 
was  ground  with  hot  water  or  weak  lye,  which  rendered  the 


234  manufacture:  of  soap. 

soap  more  liquid  and  the  adhering  impurities  passed  into  the 
spent  lye.  By  grinding,  the  soap  absorbs  some  water  and  the 
yield  is  by  this  manipulation  somewhat  increased.  One  hun- 
dred pounds  of  tallow  give  about  160  pounds  of  unground 
grained  soap,  while  by  grinding  the  yield  may  be  brought  up 
to  156  pounds. 

Framed  soap  prepared  with  potash  lyes  are  more  delicate 
and  smoother  than  those  mad.e  directly  with  soda  lye,  but  they 
are  far  more  expensive,  potash  not  only  being  considerably 
dearer  than  soda  of  the  same  grade,  but  a  larger  quantity  of 
it  is  also  required.  Suppose  both  substances  were  chemically 
pure,  then  100  pounds  of  tallow  would  require  for  saponifica- 
tion 28  pounds  of  chemically  pure  potassium  carbonate,  or  21 
pounds  of  chemically  pure  sodium  carbonate.  From  what  has 
been  said  it  will  readily  be  understood  why  the  use  of  potash 
lyes  in  the  manufacture  of  hard  soaps  is  very  limited,  it  being 
almost  restricted  to  the  preparation  of  shaving  soaps. 

Tallow  grained  soap, — This  soap  is  still  very  much  liked  in 
the  household  on  account  of  its  great  economy  in  washing,  and 
in  the  textile  industry  by  reason  of  its  great  unctuousness  and 
other  good  qualities.  Besides,  tallow  is  the  best  raw  material 
for  the  manufacture  of  grained  soap  and  gives  the  largest  yield, 
100  pounds  producing  150  to  160  pounds  of  soap  according  to 
whether  the  latter  is  more  or  less  ground. 

The  lye  required  for  the  manufacture  of  this  soap  is  pre- 
pared from  high-grade  soda  ash  set  with  50  to  60  per  cent,  of 
lime,  or  by  dissolving  high-grade  caustic  soda  in  water.  The 
use  of  the  latter  has  the  advantage  that  in  salting-out  no  so- 
dium carbonate — more  or  less  of  which  is  always  contained  in 
lyes  prepared  from  soda  ash — is  lost.  Sodium  carbonate  does 
not  contribute  to  saponification  and,  being  only  mechanically 
mixed  with  the  soap  and  deposited  between  the  soap  atoms, 
renders  the  soap  more  fluid.  When  the  soap  is  salted-out  the 
sodium  carbonate  in  the  paste  not  being  chemically  fixed  in 
the  soap,  is  mostly  carried  into  the  spent  lye.  The  prepara- 
tion of  tallow  grained  soap  by  means  of  soda  lye  is  much  the 
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same  as  that  of  old-fashioned  grained  soap  with  the  use  of 
potash  lye.  However,  the  soap  is  now  generally  boiled  upon 
one  water,  except  where  the  impurity  of  the  tallow  renders  a 
more  frequent  renewal  of  the  lye  necessary. 

The  boiling  process  is  generally  carried  on  as  follows :  The 
tallow  is  brought  into  the  kettle,  and  as  it  can  only  be  com- 
pletely saponified  with  weaker  and  more  caustic  lye,  tank-lye 
of  8°  to  10°  B.  (about  one-quarter  of  the  entire  quantity  required 
for  saponification)  is  added.  With  a  slow  fire,  the  lye  and 
tallow  immediately  form  an  emulsion  and  combine  to  a  paste 
shortly  after  the  boiling  point  is  reached.  This  combination, 
and  consequent  complete  fixation  of  the  alkali  by  the  fatty 
acids,  are  recognized  by  a  sample  brought  in  contact  with  the 
tongue  showing  no  longer  a  biting,  but  a  more  sweetish,  taste. 
However,  if  the  mass  still  shows  some  sharpness,  the  complete 
fixation  of  the  alkali  must  be  effected  by  continuing  the 
boiling. 

As  tallow,  compared  with  most  other  fats,  only  gradually 
saponifies,  a  few  more  potfuls  of  lye  are  added  after  combina- 
tion has  been  effected.  In  the  same  manner  more  lye  of  12° 
to  13°  B.  is  gradually  added  to  the  soap  mass  and  boiling  con- 
tinued until  there  is  clear,  viscid  mass — the  soap  paste — in  the 
kettle. 

If  it  should  happen  that  by  adding  the  lye  too  rapidly  a 
paste  is  obtained  which,  though  showing  sharpness  when 
brought  in  contact  with  the  tongue,  has  a  turbid  and  dull  ap- 
pearance, some  very  weak  lye  has  to  be  added,  while  boiling 
slowly,  when  the  sharpness  will  disappear  and  the  paste  be- 
come clearer;  any  fitting  by  lye  which  may  still  be  required 
will  then  also  become  evident.  An  addition  of  water  or  of 
weak  lye  is  also  of  advantage  when  by  the  use  of  too  strong  a 
lye  (18°  or  20°  B.)  the  combination  has  been  destroyed  so  that 
the  lye  runs  off  separately  from  the  spatula,  and  if  necessary 
the  fire  may  also  be  withdrawn  from  under  the  kettle  and  the 
soap  allowed  to  rest  for  a  few  hours,  when  it  will  again  come 
by  itself  into  good  combination.     The  use  of  boiling-lyes  too 
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low  in  lime,  i,  e.,  such  as  still  contain  much  alkaline  carbonate, 
can  only  be  injurious,  since  they  not  only  enter  with  difficulty 
into  combination  with  tallow,  but  the  large  quantity  of  sodium 
carbonate  always  contained  in  them  is  liberated  by  salting-out 
and  passes  into  the  spent  lye. 

The  saponification  of  the  tallow  may  be  considered  complete 
when  a  sample  of  the  paste  brought  upon  a  glass  plate  shows 
immediately  a  narrow  whitish  border  (lye-rings),  remains  clear 
for  some  time,  becomes  turbid  only  on  cooling,  and  when 
brought  in  contact  with  the  tongue  gives  a  perceptible  burn- 
ing sensation  (touch). 

To  withdraw  a  portion  of  the  superfluous  water  the  soap  is 
now  vigorously  boiled  until  it  runs  in  cohesive  threads  from 
the  spatula,  or,  as  it  is  called,  spina.  When  this  is  the  case  its 
separation  from  the  watery  solution  is  proceeded  with,  which, 
as  a  rule,  is  effected  by  means  of  common  salt.  For  this  pur- 
pose salt  in  small  portions  is  added  to  the  soap  paste,  when  it 
soon  becomes  more  liquid.  By  the  gradual  addition  of  more 
salt  the  separation  of  the  soap  from  the  watery  solution  (spent 
lye)  is  then  effected. 

Salting  out  is  best  effected  by  keeping  the  soap  at  a  gentle 
boil.  Soap  properly  salted  out  should  boil  into  laminae,  and 
when  taken  upon  the  spatula,  show  white  flakes  and  have 
pressure.  The  spent  lye  should  run  off  clear  from  the  spatula 
and  should  not  have  a  pungent,  but  rather  a  more  salty,  taste. 
It  may  be  mentioned  that  for  salting  out  soap  paste  prepared 
with  soda  lye,  less  salt  is  required  than  for  that  with  potash 
lye  alone,  since  in  the  latter  case  a  certain  quantity  of  salt  is 
needed  for  the  decomposition  of  the  potash  soap. 

Salting  out  being  completed,  the  fire  isrenioved  for  the  time 
being  to  allow  the  soap  to  quiet  down.  A  portion  of  the  spent 
lye  is  then  pumped  off  and  the  operation  of  clear  boiling  com- 
menced, which  is  effected  in  the  same  manner  as  described  for 
old  German  grained  soap. 

Many  manufacturers  prepare  their  grained  soap  without 
boiling  it  clear  upon  spent  lye.     The  soap  paste  is  only  boiled 
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clear  and  free  from  froth,  and  then  carefully  separated  with 
salt  or  strong  brine  so  that  no  froth  is  formed,  whereby  a  grain 
free  from  froth  is  obtained  in  the  kettle.  Grained  soap  thus 
prepared  gives  a  greater  yield,  but  remains  always  readily  sol- 
uble, and  when  cut  into  bars  frequently  dries  crooked.  Such 
soaps  can,  however,  be  still  more  quickly  and  better  prepared 
by  means  of  steam.  By  the  violent  motion  of  the  mass,  pro- 
duced by  the  admission  of  steam  under  strong  pressure,  the 
tallow  is  brought  into  more  intimate  contact  with  the  lye  and 
saponification  is  more  readily  effected,  so  that  a  large  quantity 
of  tallow  is  in  a  short  time  converted  into  a  clear  paste  free 
from  froth. 

For  the  preparation  of  grained  tallow  soap  with  caustic  soda 
lyes  the  process  of  boiling  is  the  same  as  above.  For  pasting, 
caustic  soda  lyo  of  10*^  to  14®  B.  is  used.  If  in  working  old, 
somewhat  rancid  tallow,  which  contains,  as  is  well  known, 
more  free  fatty  acids,  the  soap  is  rendered  too  caustic,  which  is 
indicated  by  thick  and  viscid  boiling,  some  brine  of  20°  B.  is 
carefully  added  to  remove  this  viscidity,  or  some  soda  solution 
where  brine  may  be  too  strong  and  exert  an  injurious  effect 
upon  the  combination.  By  boiling  old,  rancid  fats  upon  pure 
caustic  soda  lyes,  defective  grained  soaps  are  obtained,  which 
is,  however,  also  the  case  when  fresh  fats  are  boiled  with  lyes 
containing  much  alkaline  carbonate. 

Mottling  grained  tallow  soap. — When  the  operation  of  clear 
boiling  is  finished,  the  fire  is  drawn  and  the  spent  lye  allowed 
to  settle.  If  the  soap  is  to  be  mottled  the  grain  is  brought  into 
the  frame  or  first  rendered  somewhat  more  liquid  bycrutching 
in  some  hot  water  or  weak  lye,  care  being  taken  not  to  work 
in  any  spent  lye.  When  the  soap  has  been  thoroughly  crutched, 
the  filled  frame  is  covered  with  boards  to  permit  the  soap  to 
become  thoroughly  heated,  and  allowed  to  stand  quietly.  By 
the  soap  becoming  heated  crystallization  takes  place  and  the 
grain  and  mottle  are  formed..  The  grain  is  the  crystalline  por- 
tion of  the  soap  and  incloses  the  non-crystalline  (the  mottle), 
all  the  impurities  and  coloring  matter  from  the  tallow,  soda. 
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etc.,  contained  in  the  soap  passing  into  the  mottle.  Such  soap 
when  cut  shows  a  more  or  less  mottled  appearance.  To  make 
the  mottle  more  pronounced,  the  grain  is  frequently  first  col- 
ored with  bole  elutriated  in  lye,  pyrolusite,  Frankfort-black, 
ultramarine,  etc.  The  coloring  matter  being  mechanically 
mixed  with  the  soap,  deposits  itself  in  the  mottle. 

The  mottle  in  grained  soaps  is  allowed  to  form  either  b}' 
itself  or,  after  the  process  of  its  formation  is  complete  in  the 
soap,  is  drawn  into  a  different  design  by  artificial  manipula- 
tion, the  design  resembling  either  sheaves  closely  arranged 
alongside  each  other  or  flowers.  The  process  of  producing 
sheaves  is  as  follows : 

When  the  soap  in  the  frame  has  become  sufficiently  heated 
and  set,  which  is  recognized  by  the  steam  penetrating  through 
the  cracks  between  the  boards,  and  shows  the  requisite  fluidity, 
which  otherwise  has  to  be  efiected  by  crutching  in  some  hot 
water,  or  weak  lye.  or  by  adding  several  pounds  of  cocoanut 
oil,  the  process  of  producing  sheaves  is  commenced  after  al- 
lowing the  soap  to  somewhat  cool  off, 

A  round  iron  rod,  provided  on  top  with  a  handle  and  below 
with  a  small  button,  is  pushed  into  the  soap  down  to' the  bot- 
tom. With  this  rod  straigh\;  lines,  as  close  to  each  other  as 
possible,  are  first  drawn  the  length  of  the  frame  and  then  the 
width.  The  closer  and  more  uniform  these  lines  are  drawn 
the  more  beautiful  the  sheaves  will  be.  Flowers  are  produced 
in  the  same  manner;  flower-like  designs  being  formed  by 
skilful  manipulation  and  twisting  of  the  iron  rod. 

Simple  mottling,  or  sheaves  and  flowers,  can,  of  course,  be 
only  produced  when  the  soap  is  sufficiently  hot,  crystallization 
not  taking  place  in  soap  brought  too  cold  into  the  frame. 

Smooth  white  curd  soap  is  obtained  either  by  crutching  the 
soap  in  the  frame,  of  course  without  the  addition  of  coloring 
matter,  until  it  is  observed  to  congeal,  whereby  crystallization 
is  prevented  and  the  small  quantities  of  impurities  uniformly 
distributed,  or  the  thick  grain  in  the  kettle  is  sufficiently 
ground. 
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Grinding  of  soap. — ^The  object  of  this  operation  is  (1)  to  pre- 
vent the  formation  of  mottle,  (2)  to  purify  the  soap  if  necessary, 
and  (3)  to  increase  the  yield  by  the  absorption  of  water. 
Grinding  is  effected  by  two  different  methods,  either  ^^from 
above  "  or  *^from  beloWy*^  but  is  always  carried  on  with  water  or 
weak  lye. 

Grinding  from  above  is  generally  executed  by  crutcliing 
into  the  thick-grained  soap  in  the  kettle  enough  hot  water  or 
weak  lye  to  sufficiently  dissolve  and  liquefy  it.  During  this 
manipulation  soap  which  is  too  sharp,  {.  e.,  contains  an  excess 
of  alkali,  may,  if  necessary,  be  somewhat  improved  by  grinding 
with  water,  by  which  the  alkali  is  withdrawn  into  the  spent 
lye,  or  some  causticity  may  be  imparted  to  the  soap  by  grind- 
ing with  strong  lye.  Soap  of  proper  constitution  is  generally 
ground  with  weak  lye  (3°  to  4°  B.),  preferably  potash  lye. 
When  grinding  is  finished  the  kettle  is  covered,  and  the  soap 
allowed  to  stand  a  few  hours  for  the  impurities  to  pass  into  the 
spent  lye. 

Grinding  from  below  is  effected  by  pumping  out  or  drawing 
off  the  spent  lye,  then  bringing  into  the  kettle  the  required 
quantity  of  weak  lye  or  water  with  an  addition  of  salt  to  pre- 
vent the  complete  formation  of  paste,  and  effecting  solution 
and  liquefaction  of  the  soap  by  vigorous  crutching  or  gentle 
boiling.  This  operation  is  only  required  with  the  use  of  very 
impure  materials,  and  is  but  little  practiced  at  the  present 
time. 

Utilization  of  spent  lye.  The  spent  lye  from  soaps  contains 
common  salt,  the  excess  of  alkalies  used,  the  glycerin  con- 
tained in  the  fat,  frequently  more  or  less  soap,  and  the  impuri- 
ties from  the  fats  and  the  lye.  Though  it  contains  valuable 
substances  it  is  seldom  utilized  by  soap  boilers  and  generally 
allowed  to  run  off,  and  where  facilities  for  carrying  it  off  are 
limited,  frequently  causes  great  inconvenience.  Usually  an 
attempt  is  made  to  utilize  the*alkali  contained  in  it  by  adding 
£eit,  and  boiling.  The  lyes  which  finally  remain  are  seldom 
clear  and  limpid,  but  generally  thick  and  congeal  to  a  jelly-like 
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mass.  The  soap-boiler  who  is  forced  to  allow  such  lyes  to  run 
off  hot  in  order  to  obtain  room  for  a  new  boiling  loses  many 
pounds  of  soap  contained  in  them. 

In  many  factories  an  attempt  is  made  to  utilize  the  spent  lye 
by  evaporating  it  and  selling  it  as  so-called  **  fulling  extract." 
Evaporation  is  generally  eflFected  over  an  open  fire,  though  in- 
direct steam  is  preferable.  With  an  open  fire  constant  stirring 
is  absolutely  necessary  to  keep  the  bottom  of  the  kettle  free, 
which  otherwise  would  suffer  injury  and  soon  wear  out. 
Evaporation  is  continued  until  a  sample  congeals  to  a  jelly 
interspersed  with  small  crystals  of  soda  and  salt.  Deep  soap- 
kettles  are  not  well  adapted  for  the  operation,  the  evaporating 
surface  being  too  small  and  stirring  difficult  and  almost  im- 
possible the  moment  the  separation  of  crystals  commences. 
Shallow  pans  can  be  highly  recommended  for  the  purpose, 
though  they  take  up  much  space,  of  which  there  is  seldom  an 
abundance  in  soap-factories.  In  many  factories  the  operation 
is  carried  on  by  evaporating  the  lye  in  a  soap-kettle  to  the 
commencement  of  the  separation  of  crystals  and  finishing  in 
shallow  pans. 

Independent  of  the  profit  gained  by  selling  the  fulling  ex- 
tract, this  evaporation  of  the'lyes  has  the  further  advantage  of 
drawing  attention  to  the  immense  quantity  of  soap  contained 
in  them.  This  content  of  soap  varies  with  different  fats,  and, 
besides,  depends  on  the  manner  of  salting  out,  the  spent  lye 
containing  more  soap  if  salting  out  has  been  effected  by  an 
excess  of  lye  than  by  common  salt.  However,  not  every  thick, 
jelly-like  spent  lye  contains  larger  quantities  of  soap,  bone  fat, 
for  instance,  yielding  frequently  such  thick  spent  lye,  this 
being,  however,  due  more  to  glue  than  to  soap.  The  jelly-like 
spent  lye  from  sulphur  olive  oil  is  due  to  vegetable  albumen. 

When  the  spent  lye  has  been  boiling  for  some  time  a  froth 
forms  on  the  sides ;  this  is  removed  and  added  in  boiling  rosin 
grained  soap.  Spent  lyes  from  n)sin  grained  soaps  are  difficult 
to  evaporate ;  they  foam  at  first  very  much  and  have  to  be 
curbed  by  stirring.     To  lyes  which  contain  very  little  alkali, 
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which  is  readily  recognized  towards  the  end  of  evaporation,  a 
few  pounds  of  soda  are  added. 

The  finished  fulling  extract  is  generally  of  a  dark  brown 
color.  It  is  drawn  off  into  old  iron  vessels,  kettles,  lye-kettles, 
eta,  to  cool.  It  remains  in  these  receptacles  until  an  order  for 
the  product  ia  received,  when  it  is  filled  into  barrels,  petroleum 
barrets  being  best  for  the  purpose. 

It  has  previously  been  mentioned  that  on  account  of  the 
great  content  of  common  salt  the  recovery  of  glycerin  from 
the  spent  lye  is  a  difiicult  matter.  On  treating  glycerin  with 
animal  charcoal  only  a  very  small  portion  of  the  salt  is  re- 
moved, and  a  not  inconsiderable  quantity  of  it  is  even  carried 
over  in  distilling  with  superheated  steam.  These  drawbacks 
for  a  long  time  prevented  the  utihzation  of  spent  lyes  for  the 
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recovery  of  glycerin.  Only  when  crude  glycerin  became 
scarce  and  its  price  had  risen  reinarkably,  more  attention  was 
paid  to  its  recovery  from  spent  lyes.  Many  patents  were  taken 
out  for  the  purpose,  but  it  would  lead  too  far  to  discuss  them 
here.  In  all  methods  for  the  recovery  of  glycerin  from  spent 
lye  it  is  necessary  to  first  evaporate  the  latter  in  order  to  free 
it  as  much  as  possible  from  salts.  For  this  purpose  it  ia  best 
to  use  a  shallow  pan,  such  as  shown  in  Fig.  33,  which  allows 
of  a  convenient  removal  of  the  salts,  or  Leon  Droux's  appa- 
ratus with  revolving  cylinder,  shown  in  Fig.  34.  It  consists 
16 
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of  the  metal  cylinder  A  S,  with  the  hollow  axles  S  S,  through 
which  the  Eteam  is  admitted  and  later  on  discharged.  The 
heating  surface  of  the  cylinder  is  considerably  augmeoted  by 
a  number  of  ribs  on  its  circumference.  The  cylinder  dips 
into  the  fluid  to  be  evaporated.  By  a  devi)l,  as  seen  in 
the  illustration,  the  cylinder  is  slowly  revolved,  and  with 
each  revolution  is  covered  with  a  thin  layer  of  fluid  which 
readily  evaporates  even  at  a  comparatively  low  temperature. 
The  condensed  water  runs  off  at  Z.  The  salts  form  an  abun- 
dant deposit  on  the  surface  of  the  cylinder,  and  can  be  readily 

Fro.  34. 


removed  by  means  of  a  hammer,  or  by  dipping  into  a  less 
concentrated  liquid. 

The  lye  is  evaporated  to  30°  E.  and  then  allowed  to  rest  for 
some  time.  After  cooling  a  portion  of  the  chlorine  combina- 
tions and  of  the  sulphates  separates  out,  the  liquid,  however, 
retaining  sufficient  sulphur  combinations  to  render  the  re- 
covery of  the  glycerin  impossible.  The  sulphur  combinations 
are,  therefore,  oxidized  by  an  addition  of  sulphuric  acid  and 
the  introduction  of  hot  air.  The  liquid  is  then  again  evapo- 
rated, this  time  to  from  35°  to  36"  B,,  the  product  being  a 
highly  colored,  syrupy  liquid. 

Instead  of  neutralizing  the  original  lye  with  sulphuric  acid, 
evaporation  can  first  be  proceeded  with  to  a  certain  degree, 
this  method  offering  the  advantage  that  a  considerable  portion 
of  the  soda  and  common  salt  contained  in  the  spent  lye  can  be 
recovered. 
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With  indirect  steam  the  spent  lyes  can  without  diflBculty  be 
brought  to  a  concentration  of  from  32^  to  33^  B.  During 
evaporation  salt  is  abundantly  separated ;  it  consists  of  a  mix- 
ture of  common  salt  and  soda,  three  times  as  much  of  the 
former  as  of  the  latter,  and  after  draining  off  can  be  again 
used  for  salting  out. 

Since,  as  previously  mentioned,  in  boiling  these  solutions  of 
glycerin,  a  portion  of  it  is  carried  away  by  the  escaping  steam, 
losses  in  evaporating  spent  lyes  are  unavoidable. 

The  lye  evaporated  to  32°  or  33*^  B.  is  neutralized  with  sul- 
phuric acid,  whereby  large  quantities  of  Glauber's  salt  are 
separated. 

Since  by  reason  of  the  development  of  the  carbonic  acid 
from  lyes  containing  soda  it  is  difficult  to  obtain  an  exactly 
neutral  lye,  it  is  best  to  add  some  sulphuric  acid  in  excess  and 
to  neutralize  the  latter,  when  precipitation  is  finished,  by  the 
addition  of  lime.  Whether  sufficient  sulphuric  acid  has  been 
added  is  recognized  by  blue  litmus-paper  when  dipped  in  the 
lye  acquiring  a  brick-red  color.  The  lye  treated  with  sul- 
phuric acid  is  allowed  to  stand  quietly  over  night  for  the 
Glauber's  salt  to  separate. 

The  clear  lye  when  drawn  from  the  Glauber's  salt  is  again 
concentrated  with  indirect  steam  to  32°  or  33°  B.  In  cooling, 
crystals  of  sodium  sulphate  and  common  salt  separate  from 
the  lye,  and  the  latter  is  now  ready  for  further  utilization. 

Generally  speaking,  it  will  be  best  for  the  soap  manufac- 
turer who  wishes  to  utilize  his  spent  lye  for  the  recovery  of 
glycerin  to  proceed  only  up  to  this  point,  or  simply  to  evapo- 
rate the  lye  to  30°  B.,  and  leave  the  further  treatment  to  the 
manufacturer  of  glycerin. 

As  the  content  of  common  salt  is  the  chief  hindrance  to  the 
recovery  of  glycerin  from  spent  lyes,  Jaffe  and  Darmstadter 
have  recommended  the  use  of  Glauber's  salt  instead  of  common 
salt  for  salting  out,  as  it  can  be  almost  completely  removed  by 
evaporating  the  lyes,  and,  besides,  does  not  pass  over  with  the 
vapors  in  distilling  with  superheated  steam.     It  has  been  pre- 
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viously  mentioned  that  other  salts,  and  among  them  Glauber's 
salt,  possess  the  property  of  separating  the  soap  from  the 
aqueous  solutions,  but  in  a  less  degree  than  common  salt. 
The  separation  by  means  of  Glauber's  salt  being  not  a  com- 
plete one,  the  spent  lyes  contain  larger  or  smaller  quantities 
of  soap,  and  the  process  has  the  further  disadvantage  of  pale 
soaps  frequently  becoming  dark  on  storing. 

Marseilles  soap.  The  product  known  as  Marseilles,  Castile 
or  Veruiian  soap  is  a  ground,  grained  soap  prepared  from  low- 
grade  olive  oils  which  are  not  suitable  for  comestible  pur- 
poses. Olive  oils  for  the  manufacture  of  soap,  as  found  in 
commerce,  vary  very  much.  They  may  be  more  or  less  thinly 
fluid,  then  again  very  thick — the  so-called  olive  oil  foots — of  a 
pale  or  greenish-yellow  color,  the  latter  passing  into  the  dark- 
est grass-green  in  what  is  known  as  sulphur  oils.  The  result- 
ing soaps  also  vary  according  to  the  consistency  and  coloration 
of  the  oils  used  in  their  preparation.  There  are,  for  instance, 
Marseilles  soaps  white  as  snow,  yellowish-white  to  greenish- 
white  and  quite  green,  leaving  out  of  consideration  the  grass- 
green  sulphur-oil  soaps,  which  are  a  variety  by  themselves. 
Soaps  showing  the  least  color  are  most  highly  valued  and 
bring  the  best  price.  The  soaps  prepared  from  the  more  fluid 
oils  possess  the  property  of  being  very  thinly  fluid  and  keeping 
warm  for  days,  even  when  previously  boiled  for  a  long  time 
in  grain.  By  much  grinding  they  can  be  made  almost  as 
liquid  as  water,  and  kept  in  this  state  for  days  in  the  frame. 
Naturally  such  soaps  must  become  very  pure  and  neutral, 
there  being  plenty  of  time  for  the  precipitation  of  all  the 
impurities  and  the  greater  portion  of  the  excess  of  alkali,  as 
compared  with  the  ordinary  grained  soaps  made  from  solid 
fats,  which  as  a  rule  harden  on  the  edges  the  second  day  in 
the  frames ;  with  Marseilles  soap  this  requires  on  an  average 
eight  days  or  longer. 

The  oils  to  be  saponified  have  been  so  firmly  fixed  by  cus- 
tom that  scarcely  anybody  would  think  of  boiling  Marseilles 
soap  without  olive  oil.     Good  yields  and,  in  most  cases^  quite 
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a  white  soap  also,  are  obtained  from  olive  oil  foots,  because 
mostly  the  portion  of  the  oil  containing  stearin  and  palmitin 
settles  by  long  storing  of  the  oil  on  the  bottom  of  the  reservoir. 
Other  oils  or  fats  may,  however,  without  detriment  be  substi- 
tuted for  a  portion  of  the  olive  oil,  a  good  quality  of  olein 
being  primarily  very  suitable  for  this  purpose,  as  soap  pre- 
pared from  it  is  in  every  respect  equal  to  that  from  olive  oil. 
Up  to  one-half  the  quantity  of  olive  oil  may  also  be  replaced 
by  peanut  oil.  Tallow  is  less  suitable  as  a  substitute,  though 
fairly  good  results  are  obtained  by  the  use  of  not  more  than 
one-quarter  of  it  in  the  stock. 

The  use  of  cotton-seed  oil  as  a  partial  substitute  is  on  the 
other  hand  less  advisable,  since  the  results  thus  far  obtained 
with  it  as  an  addition  to  white  soaps  can  by  no  means  be 
called  satisfactory.  On  account  of  the  depressed  price  of  soap, 
the  consumption  of  cotton-seed  oil,  for  instance,  for  white 
grained  soap,  is  at  present  very  large,  and  the  soaps  prepared 
from  it  are,  when  fresh,  excellent  and  without  defect.  How- 
ever, the  property  of  the  oil  to  after-yellow  in  the  soap  when 
the  latter  is  stored  for  some  time  cannot  be  overcome,  notwith- 
standing previous  careful  bleaching  and  correct  saponification. 
For  this  reason  it  is  best  to  omit  cotton-seed  oil  entirely  from 
stock  for  Marseilles  soap.  Such  soap  lies  often  for  months  in 
stores,  and  while  the  at  first  somewhat  greenish  color  may  be 
expected  to  fade  to  some  extent,  it  should  not  change  to  a 
yellow-mottled  one. 

When  working  with  caustic  soda  the  operation  of  boiling 
the  soap  is  quite  simple,  no  matter  whether  olive  oil  alone  is 
used  or  in  connection  with  the  above-mentioned  oils  or  fats. 
The  strength  of  the  lye  to  be  used  depends  on  the  composition 
of  the  stock,  and  will  be  referred  to  later  on,  but  the  surest 
and  most  accurate  work  is  done  by  calculating  the  caustic 
soda  for  a  determined  quantity  of  oil. 

If  caustic  ammonia  soda  of  120  to  128  per  cent,  be  first  con- 
sidered, we  know  that  from  100  lbs.  of  it,  300  lbs.  of  lye  of 
38*^  B.  are  obtained,  and  that  these  300  lbs.  of  lye  are  suflB- 
cient  for  the  saponification  of  exactly  600  lbs.  of  oil  or  fat. 
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Hence  with  1  lb.  of  caustic  soda  6  lbs.  of  oil  or  fat  are  so 
far  saponified  that  neither  unsaponified  fat  nor  an  excess  of 
alkali  can  be  traced  in  the  soap.  One  pound  of  fat  requires 
for  saponification  i  lb.  of  caustic  soda,  100  lbs.  of  fat,  there* 
fore,  100  X  J  =  16f  lbs.  of  caustic  soda.  It  does  not  matter 
in  how  much  water  this  caustic  soda  is  dissolved,  because  the 
larger  or  smaller  quantity  of  water  determines  only  the 
strength  of  the  lye  and  the  content  of  water  in  the  soap-paste 
prepared  with  this  lye ;  the  soap-paste  acquires  its  normal 
content  of  water  by  the  subsequent  salting  out  to  grain. 
Suppose,  for  instance,  1000  lbs.  of  stock  are  to  be  completely 
saponified,  then  the  quantity  of  caustic  soda  required  for 
saponification  is  found  by  multiplying  1000  by  J :  1000  X  J 
=  166§  lbs. 

Hence  for  the  saponification  of  1000  lbs.  of  fat  166f  lbs.  of 
caustic  soda  will  have  to  be  used.  By  consequently  convert- 
ing this  caustic  soda  by  dissolving  in  water  into,  for  instance, 
a  lye  of  24*^  B.,  complete  saponification  would  result  in  treat- 
ing with  it  the  1000  lbs.  of  fat  referred  to.  There  will  be 
small  differences  in  this  calculation,  but  only  in  so  far  as  the 
saponification  value  of  the  various  fats  and  fatty  acids  is  not 
alike;  however,  small  corrections  always  suflBce  to  get  the 
right  proportion.  This  calculation,  of  course,  only  applies 
when  working  with  caustic  soda ;  additions  of  alkaline  car- 
bonates change  the  proportion,  but  in  this  case  such  additions 
are  not  necessary. 

The  procedure  of  boiling  the  soaps  will  be  explained  by  two 
examples.  Suppose  the  following  stock  is  to  be  used  :  Olive 
oil  500  lbs.,  tallow  250  lbs.,  peanut  oil  250  lbs.,  caustic  soda 
166f  lbs.  The  soda  is  made  into  a  lye  of  24°  B.  However, 
the  lye  may  also  be  divided  and  one-quarter  of  it  reduced  with 
water  to  10°  or  12°  B. 

Now  bring  the  weighed  fat  into  the  kettle  and  add  100  to 
150  lbs.  of  lye,  it  being  most  convenient  to  do  this,  if  possible, 
the  evening  before  boiling.  The  lye  is  thoroughly  crutched 
together  with  the  oil,  without  heating,  and  allowed  to  stand 
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quietly  till  the  next  morning,  when  the  lye  will  be  found 
completely  saponified,  the  soap  formed  lying  on  the  bottom  of 
the  kettle  and  the  liquid  oil,  together  with  the  tallow,  floating 
over  it.  The  fire  is  now  slowly  started  until  th^  entire  mass 
is  hot.  When  the  soap  lying  on  the  bottom  of  the  kettle 
commences  to  boil,  which  is  recognized  by  ascending  bubbles, 
100  lbs.  more  of  lye  are  added  and  crutched  in,  and  firing  is 
continued.  With  slow  firing  and  crutching  and  the  suc- 
cessive addition  of  lye  all  the. oil  soon  comes  into  combina- 
tion, which  can,  moreover,  be  much  accelerated  by  the  addi- 
tion of  a  few  potfuls  of  water,  or,  as  above  mentioned,  by 
reducing  a  portion  of  the  lye  to  10°  or  12°  B.,  which  of  course 
has  then  to  be  worked  first.  Thickening  or  running  together 
of  the  soap  must  be  prevented  by  the  addition  of  lye ;  in  an 
emergency  a  potful  of  salt  will  do  no  harm.  However,  the 
best  protection  against  thickening  is  to  work  the  lye  as  strong 
as  possible.  It  is  also  permissible  to  make  from  the  start  the 
lye  in  three  different  strengths,  for  instance,  one-quarter  of  it 
12°  B.,  one-half  24°  B.,  and  the  last  quarter  30°  B.  Thicken- 
ing of  the  soap  can  then  be  always  guarded  against  by  the  lye 
of  30°  B.  When  all  the  lye  has  finally  been  worked  up,  and 
no  salt  has  been  used,  there  will  be  in  the  kettle  a  nice,  clear 
soap-paste  which  already  shows  good  pressure  between  the 
fingers ;  it  should  not  produce  a  biting  sensation  on  the  tongue. 
Should  the  latter,  nevertheless,  be  the  case,  boiling  is  continued 
for  half  an  hour,  and  this  defect,  if  necessary,  remedied  by  the 
addition  of  small  quantities  of  fat.  However,  only  a  small 
correction  will  be  required  if  fats  free  from  dirt  and  water 
have  been  used,  because  the  calculation  of  alkali  was,  so  far  as 
it  can  be  made,  correct.  The  paste  is  then  sufficiently  salted 
out  to  obtain  a  nice  grain,  and  tested  as  to  its  being  perfectly 
neutral,  which  must  always  be  the  ca'se  with  Marseilles  soap. 

For  this  purpose  the  method  with  phenolphthalein,  pre- 
viously referred  to,  is  preferable,  it  being  the  most  reliable 
known.  Procure  from  a  chemical  supply  house  phenolphtha* 
lein  solution  and  a  bottle  of  50  per  cent,  alcohol.     Take  a 
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sample  of  the  soap  from  the  kettle  and,  when  cold,  cut  it  up 
into  fine  shavings.  Bring  the  shavings  into  a  small  test-flask, 
pour  alcohol  over  them,  and  shake  until  they  are  dissolved. 
Drop  a  small  quantity  of  phenolphthalein  solution  into  the 
solution  and  note  the  result  of  the  test.  If  the  soap  solution 
acquires  a  red  color,  the  soap  still  contains  an  excess  of  alkali, 
and  oil  or  fat  has  to  be  added  to  the  soap  in  the  kettle  and 
boiling  continued  until  a  sample  is  no  longer  colored  red,  i.  «., 
until  the  soap  no  longer  reacts.  The  kettle  is  then  well  cov- 
ered and  the  soap  allowed  to  stand  till  the  next  day  to  settle 
thoroughly.  When  it  lies  thinly  fluid  and  ground  in  the 
kettle  it  is  brought  into  frames  more  shallow  than  high. 

On  account  of  the  special  importance  of  the  neutrality  of 
Marseilles  soap  the  test  with  phenolphthalein  solution  may 
again  be  referred  to.  Do  not  be  misled  if  the  solution  acquires 
continuously  a  red  color,  notwithstanding  repeated  additions 
of  fat.  It  might  be  supposed  that  the  soap  becomes  too  weak, 
especially  if  when  tasted  there  is  not  the  slightest  biting  sensa- 
tion on  the  tongue.  The  test  by  the  tongue  is,  in  this  case, 
not  reliable  and  sufficiently  sensitive ;  phenolphthalein  solu- 
tion, on  the  other  hand,  indicates  the  slightest  trace  of  an 
excess  of  alkali,  a  deep  red  color  being  produced  in  the  pres- 
ence of  great  alkalinity.  A  scanty  excess  finally  produces 
only  a  slight  rose-red  coloration.  Even  these  slight  traces  of 
alkali  must  be  removed,  for  the  chemist  examining  such  soap 
would  say  "  neutral  to  slightly  alkaline."  Hence  there  should 
be  no  anxiety  about  the  soap  becoming  too  weak.  The  soap 
solution  should  appear  white-yellowish,  opalescent.  Some 
care  is  only  required  with  the  last  additions  of  fat,  when  the 
solution  shows  the  rose-red  coloration.  If,  on  the  other  hand, 
the  soap  is  to  be  boiled  with  tarkk  lyes,  the  only  way  is  to  boil 
the  oils  to  paste,  salt  out  and  clear-boil  the  grain. 

The  soap,  as  previously  mentioned,  remains  liquid  for  a 
long  time  in  tall  frames,  and  must  be  frequently  crutched. 
At  a  certain  stage  of  cooling  it  should  even  be  beaten  with  a 
heavy  instrument,  as  otherwise  the  upper  layer  will  bulge  too 
much. 
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A  good  quality  of  olein,  as  previously  mentioned,  may  also 
to  a  certain  extent  be  used  as  a  substitute  for  olive  oil.  A 
formula  for  this  purpose  is  as  follows :  Olive  oil  500  lbs.,  pea- 
nut oil  250  lbs.,  olein  250  lbs.,  caustic  soda  166f  lbs. 

In  working  with  olein,  and  this  applies  also  to  other  soaps, 
one-half  of  the  lye  required  is  at  once  brought  into  the  kettle 
and,  when  heated,  the  olein  is  introduced.  When  the  latter 
is  completely  saponified  and  lies  as  a  compact  grain  in  the 
kettle,  the  other  oils  are  gradually  brought  in.  The  soap  will 
then  by  itself  pass  into  paste,  and  boiling  is  finished  as  above 
described.  Care  must  be  taken  not  to  attempt  neutralization 
of  an  excess  of  alkali  with  olein,  because  the  latter,  immedi- 
ately after  having  been  added,  comes  to  the  surface  of  the  soap 
in  a  finely  divided,  semi-saponified,  spongy  state,  and  boiling 
for  hours  is  frequently  required  to  combine  these  spongy  lumps 
with  the  other  soap.  The  grain  when  clear-boiled  is  brouglit 
upon  fresh  brine  of  15^  or  16^  B.  until  all  the  excess  of  alkali 
has  been  washed  out,  which  under  certain  conditions  may 
require  three  to  four  days,  while  when  boiling  with  caustic 
soda  the  object  can  be  conveniently  attained  in  one  day. 
Purification  of  tKe  oils,  which  is  eventually  to  be  effected  by 
repeatedly  washing  the  soap-grain  with  brine,  can  be  more 
conveniently  done  by  bringing  the  oils  and  fat,  previous  to 
boiling  them,  upon  suflScient  water,  adding  some  salt,  and 
letting  them  boil  up  several  times.  The  oil  when  carefully 
removed  from  the  water  will  be  sufficiently  pure.  The  puri- 
fication of  very  slimy  or  dirty  oils  can,  moreover,  be  better 
effected  by  the  addition  of  a  small  quantity  of  lye. 

Palm-oil  grained  soap.  On  account  of  its  large  content  of 
palmitin  and  its  being  readily  saponified,  palm  oil  by  itself  is 
frequently  used  for  grained  soaps,  but  more  generally  in  com- 
bination with  other  fats,  such  as  tallow,  bone  fat,  olein,  etc., 
the  resulting  soaps  being  much  liked  in  the  various  branches 
of  the  textile  industry,  as  well  as  in  the  household.  Compar- 
atively little  palm  oil  is  used  in  the  crude  state,  it  being 
generally  first  subjected  to  a  bleaching  process  to  remove 
coloring  matter  and  other  impurities. 
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Pure  palm-oil  grained  soap  is  prepared  as  follows :  A  deter- 
mined quantity  of  bleached  palm  oil,  together  with  a  portion 
of  the  tank  lye  of  14°  B.  required  (about  550  lbs.  of  lye  to 
1000  lbs.  of  oil),  are  brought  into  the  kettle.  With  a  slow  fire 
and  crutch ing,  an  emulsion  is  soon  formed,  and  when  boiling 
commences,  an  intimate  combination  between  fat  and  lye  takes 
places.  When  this  is  the  case  more  lye  of  14°  B.  is  gradually 
added,  whereby  the  mass  is  by  degrees  converted  into  paste, 
which,  after  continued  boiling  and  the  further  addition  of  lye 
of  14°  B.,  becomes  thicker  and  shows  a  clear  uniform  appear- 
ance. When  a  sample  of  the  paste  upon  a  glass  plate  remains 
quite  clear  up  to  the  congealing  point  and  causes  a  slight 
burning  sensation  upon  the  tongue,  the  saturation  of  the  paste 
with  alkali  may  be  considered  complete  (about  2500  lbs.  of 
lye  of  14°  B.  suflSce  for  the  complete  saponification  and  satu- 
ration of  1000  lbs.  of  oil).  The  paste  is  now  either  boiled  until 
entirely  free  from  froth  and  then  carefully  separated,  so  that 
no  froth  is  formed,  with  common  salt  or  brine  of  24°  B.,  the 
result  being  a  thick  grain  free  from  froth ;  or  the  paste  is 
boiled  not  entirely  free  from  froth  but  salted  out  when  it  spins 
tlireads,  and  after  removing  a  portion  of  the  spent  lye  the 
grain  is  boiled  clear  like  tallow  soap. 

For  mottled  soap  the  grain  slightly  ground  and  colored  is 
brought  into  the  frame,  thoroughly  crutched  by  hand,  and 
.  the  frame  covered.  For  smooth  soap  the  grain  is  ground  by 
crutching  in  hot  water  or,  what  is  better,  potash  lye  of  3^  to 
4^  B.  until  it  has  acquired  sufiicient  fluidity  to  allow  all  the 
impurities  to  pass  into  the  spent  lye. 

•Soap  prepared  from  palm  oil  soon  develops  an  agreeable 
odor  of  violets,  and  yields  a  thick,  fat  lather.  One  hundred 
pounds  of  palm  oil  give  on  an  average  160  to  155  pounds  of 
soap  ;  this  yield  may  be  increased  a  few  pounds  by  grinding. 

Soap  prepared  from  pure  palm  oil  being  somewhat  hard  and 
brittle,  the  oil  is  generally  worked  in  connection  with  softer 
fats,  such  as  bone  fat,  olein,  lard,  peanut  oil,  etc.,  or  with  15 
to  25  per  cent,  of  rosin.     Below,  a  few  such  soaps  prepared 
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from  palm  oil  with  an  addition  of  other  fats  or  rosin  will  be 
described. 

Stettin  palm-oil  household  soap.  Eight  hundred  pounds  of 
palm  oil  and  200  pounds  of  bone  fat  and  500  pounds  of  lye  of 
12*^  B.  are  brought  into  the  kettle  and  combined  by  crutching 
over  a  slow  fire.  As  soon  as  the  mass  is  thoroughly  combined 
more  lye  of  12°  to  14°  B.  is  added,  and  the  whole  allowed  to 
boil  thoroughly,  the  addition  of  lye,  with  vigorous  boiling; 
being  continued  until  a  pale,  clear  paste  is  formed  and  a  sam- 
pie  of  it  brought  upon  the  tongue  shows  a  slight  touch.  For 
the  saponification  of  the  1000  pounds  of  fat  about  2500  to  2600 
pounds  of  lye  of  12°  to  14°  B.  suflBce.  Now  add  to  the  satu- 
rated, clear  soap-paste,  with  constant,  vigorous  stirring,  in 
small  portions,  150  pounds  of  pale  comminuted  rosin  and  150 
pounds  of  caustic  soda  lye  of  20°  B.,  and  allow  the  whole  to 
combine  with  gentle  boiling.  When,  after  a  few  hours,  the 
paste  is  clear  and  shows  a  slight  touch  and  a  sample  **  wets '' 
(shows  moisture)  and  slides  upon  a  glass  plate,  salt  well  out 
with  brine  of  24°  B.  and  boil  the  resulting  grain  clear.  Now 
cover  the  kettle,  and  after  allowing  it  to  stand  for  a  few  hours 
to  give  the  spent  lye  time  to  settle,  bring  the  grain  into  small, 
low  frames  so  that  it  cools  rapidly.  The  soap  is  cut  into 
rectangular  pieces  and  pressed  on  all  four  sides. 

Palm-oil  rosined  soap.  This  soap  has  a  fine  waxy  appearance, 
is  readily  soluble  on  account  of  the  addition  of  rosin,  yields  a 
stiff  lather  and  possesses  good  detergent  properties.  For 'its 
manufacture  bring  425  lbs.  of  bleached  and  75  lbs.  of  crude 
palm  oil  and  250  lbs.  of  tank  lye  or  caustic  soda  lye  of  14°  B. 
into  the  kettle  and  combine  them  over  a  moderate  fire.  Then 
add  more  lye  of  14^  B.  and  increase  the  fire.  After  continued 
boiling  and  adding  more  lye,  the  mass  gradually  forms  into 
paste,  which  becomes  thicker  and  clearer  the  further  its  satu- 
ration with  alkali  progresses.  The  oil  being  completely  saponi- 
fied, which  requires  about  1250  pounds  of  lye  of  14^  B.,  and 
the  thick,  clear  paste  showing  a  slight  touch,  150  pounds  of 
comminuted,  pale  rosin  and  caustic-soda  lye  of  20°  B.  are 
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added  in  portions  until  the  paste  is  thoroughly  fitted,  a  veiy 
moderate  fire  being  kept  up  during  the  operation.  For  the 
saponification  of  the  rosin  about  150  pounds  of  caustic  soda 
lye  of  20*^  B.  will  be  required. 

The  sufficient  fitting  of  the  paste  is  recognized  not  only  by 
a  slight  touch)  but  better  and  surer  by  a  sample  upon  a  glass 
plate,  which,  with  thorough  fitting,  will  slide  upon  the  glass 
and  show  moisture. 

The  fitted  paste  is  thoroughly  salted  out  and  the  resulting 
grain,  after  pumping  out  a  portion  of  the  spent  lye,  boiled 
clear  so  that  it  lies  thick  and  free  from  froth  in  the  kettle  and 
a  sample  shows  solidity  and  pressure. 

For  the  preparation  of  mottled  soap  the  grain,  after  clear- 
boiling  and  settling  of  the  spent  lye,  is  brought  into  the  frames 
and  the  latter  are  covered.  The  operation  of  mottling  is  then 
commenced  in  the  same  manner  as  described  for  tallow  soap. 

For  smooth  soap  the  clear-boiled  grain  has  to  be  ground. 
For  this  purpose  the  greater  portion  of  the  spent  lye  is  re- 
moved and  the  grain  ground  with  hot  w^ater  until  the  spent 
lye  begins  to  thicken  and  the  grain  is  completely  dissolved 
and  lies  bright  in  the  kettle.  A  sample  should  show  suffi- 
cient solidity,  but  no  touch.  In  grinding  care  must  be  had 
that  the  soap  does  not  become  too  pasty  or  too  soft.  After 
settling  and  resting  for  some  time,  the  ground  soap  is  brought 
into  the  frames. 

Some  manufacturers  prepare  this  soap  by  the  following 
process:  The  palm  oil  is  finst  completely  saponified  with  lye 
of  14*^  B.  The  clear  fitted  paste  is  then  salted  out,  and,  after 
removing  the  spent  lye,  the  rosin  is  added  and  saponified  with 
caustic  soda  lye  of  20°  B.  The  soap,  after  salting  out,  is 
boiled  until  it  is  free  from  froth  and  clear,  and  a  sample  is 
solid  with  a  good  pressure.  The  soap  is  finally  ground  with 
some  water.     This  process  also  yields  a  beautiful  product. 

Palmitin  soap.  The  soap  brought  under  this  name  into 
commerce  by  some  manufacturers  is  prepared  chiefly  from 
palm-oil  fatty  acid  in  connection  with  a  small  quantity  of 
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other  fats.  As  fatty  acids  saponify  very  quickly,  in  preparing 
soap  from  them,  a  method  of  working  somewhat  different 
from  that  customary  for  neutral  soaps  may  be  adopted,  and 
saponification  can  be  best  effected  by  stronger  lyes  containing 
more  carbonic  acid.  In  working  with  stock-lye  the  procedure 
is  as  follows : 

The  2000  lbs.  of  stock-lye  of  18°  B.  reqiflred  for  1000  lbs. 
of  stock  consisting  of  3  parts  of  palm-oil  fatty  acid  and  1  part 
of  saponified  olein  are  brought  into  the  kettle  and  heated  to 
boiling.  The  above  quantity  of  fatty  acids  is  then  added  in 
portions,  whilst  constantly  crutching,  to  the  gently  boiling  lye 
and  at  once  saponified.  In  adding  the  fatty  acids  the  utmost 
care  is  necessary  not  to  add  a  fresh  portion  before  the  preced- 
ing one  has  been  completely  absorbed  by  the  lye.  When  a 
clear  paste  is  formed,  it  is  fitted  to  touch,  allowed  to  boil  for 
some  time  longer,  and  then  salted  out.  The  resulting  grain 
is  then  boiled  clear  in  the  previously  mentioned  manner,  and, 
after  removing  a  portion  of  the  spent  lye,  ground  with  water 
until  a  cohesive  liquid  mass  is  formed.  The  soap  is  now 
allowed  to  rest  for  twenty-four  hours  in  the  covered  kettle,  and 
then  carefully  pumped  from  the  thinly-fluid  paste  beneath  it 
into  large  frames  and  covered.  When  cut  such  soap  presents 
a  silvery  radiated  appearance ;  it  also  possesses  an  agreeable 
odor.  The  yield  is  about  160  lbs.  of  soap  from  100  lbs.  of 
fat-stock. 

It  is,  however,  more  suitable  to  work  according  to  the  car- 
bonate saponification  process.  The  content  in  per  cents,  of  the 
fatty  acid  has  first  to  be  determined  and  the  consumption  of 
soda  ash  calculated  according  to  this,  21  per  cent,  of  soda  ash 
being  allowed  for  every  100  per  cent,  of  free  fatty  acid.  Sup- 
pose the  determination  has  shown  a  content  of  90  per  cent,  free 
fatty  acid,  then  there  will  be  in  a  stock  of  1000  lbs.  900  lbs. 
free  fatty  acid,  for  which  900  X  21  =  1890  lbs.  of  soda  ash  are 
required.  The  soda  is  dissolved  in  suflScient  water  to  make  a 
solution  of  a  density  of  30°  B.  This  solution  is  brought  into 
the  kettle  and  made  boiling  hot,  when  the  fatty  acid,  prefer- 
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ably  previously  liquefied,  is  allowed  to  run  in  gradually  so 
that  one  portion  saponifies  before  another  is  added.  When 
the  last  portion  has  been  brought  into  the  kettle  and  all  is 
saponified,  the  mass  is  allowed  to  boil  until  the  soap  no  longer 
rises  and  lies  as  a  mass  difiicult  to  move  in  the  kettle,  pufiSng 
up  with  difficulty  and  a  whistling  noise ;  this  indicates  that  all 
the  carbonic  aciftof  the  soda  ash  has  escaped.  The  100  lbs. 
of  neutral  fat  which  have  still  to  be  saponified  are  treated  with 
60  lbs.  of  caustic  lye  of  40°  B.  The  soap  is  then  fitted  to 
touch,  salted  out  and,  after  removing  the  spent  lye,  treated 
with  water  so  long  as  paste  deposits. 

Olein.  Olein  is  obtained  as  a  by-product  in  the  manufac- 
ture of  stearic  acid  from  tallow.  It  has  for  many  years  been 
utilized  as  an  excellent  raw  material  in  the  manufacture  of 
soap,  the  grained  products  prepared  from  it  being  especially 
liked  in  the  cloth  industry  as  well  as  for  household  purpose& 
As  previously  mentioned,  two  varieties  of  olein  are  found  in 
commerce,  viz.,  saponified  olein  and  distilled  olein.  The  for- 
mer contains,  as  a  rule,  a  few  per  cent,  of  stearic  acid  and 
gives  quite  solid  soaps,  the  yield  being  about  150  lbs.  of 
grained  soap  from  100  lbs.  of  stock.  On  the  other  hand,  the 
soap  prepared  from  distilled  olein  is  often  much  softer  and  the 
yield  frequently  smaller.  For  this  reason  distilled  olein  is,  as 
a  rule,  only  used  in  connection  with  palm-kernel  oil  for 
smooth  grained  soap,  while  from  a  good  grade  of  saponified 
olein,  soap  may  be  profitably  produced  without  the  addition 
of  other  fats. 

The  procedure  of  manufacturing  pure  olein  «oap  is  similar 
to  that  given  for  working  olive  oil  and  palm-oil  fatty  acid. 
The  lye  required  should  be  high-graded  and  contain  more 
carbonic  acid,  or  consist  entirely  of  soda  solution.  It  is  first 
brought  into  the  kettle  and  the  fat  is  then  gradually  added. 

The  simplest  and  most  profitable  method  of  manufacturing 
olein  soap  is  by  carbonate  saponification,  which  has  previously 
been  described.  When  saponification  and  fitting  have  been 
effected,  salt  is  added  to  the  soap  till  a  grain  free  from  froth 
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is  formed.  The  spent  lye  when  thoroughly  settled  is  pumped 
out  or  drawn  off  and  replaced  in  the  kettle  by  a  few  potfuls  of 
lye  of  7°  B.,  the  grain  being  then  boiled  for  some  time  so  as 
to  become  completely  saturated  with  alkali.  The  soap  is  next 
ground  with  water  so  that  the  spent  lye  gets  slightly  pasty. 
The  kettle  is  then  tightly  covered  and  the  soap  allowed  to 
rest  for  12  to  18  hours,  when  it  is  carefully  ladled  from  the 
slight  precipitate,  brought  into  the  frames,  and  the  latter  are 
well  covered. 

The  soap  thus  prepared  presents,  when  cut,  a  fine  silvery- 
radiated  appearance,  and  is  also  delicate  and  quite  firm.  If, 
however,  the  soap  is  intended  to  be  cut  into  square  cakes 
which  are  subsequently  to  be  pressed  or  stamped,  for  which 
purpose  they  must  present  a  perfectly  smooth  appearance,  it 
is  allowed  to  stand  in  the  kettle  for  about  20  to  30  hours,  and 
is  then  crutched  in  the  frames  until  cold.  If  the  firmness  of 
olein  grained  soap  is  to  be  increased  by  the  addition  of.  some 
bleached  palm  oil,  it  can  only  be  done  when  the  strength  of 
the  strong  lye  at  first  present  in  the  kettle  has  been  absorbed 
by  the  olein ;  the  palm  oil,  together  with  the  requisite  lye,  is 
then  added. 

Apollo  map.  The  product  known  under  this  name  is  a 
ground  olein  soap.  It  is  prepared  as  follows :  The  quantity  of 
lye  of  20*^  to  22°  B.  required  for  the  saponification  of  the 
stock  of  olein  to  be  worked  is  brought  into  the  kettle,  together 
with  a  certain  quantity  of  tallow.  The  object  of  the  addition 
of  the  latter  is  to  prevent  the  mass  from  closing  completely, 
since  this  would  be  a  hindrance  to  the  complete  saponification 
of  any  olein  which  might  still  be  wanting.  The  lye  may  be 
quite  carbonated,  such  as  is  obtained  of  that  strength  in  the 
tank  with  45  to  50  per  cent,  of  lime. 

Lye  too  carbonated  or  pure  soda  solution  would  render 
saponification  more  diflRcult  in  consequence  of  too  strong  a 
development  of  carbonic  acid  and  the  heavy  foaming.-up  re- 
sulting therefrom,  and  the  whole  operation  would  be  much 
prolonged.     For  boiling  100  lbs.  of  olein  120  to  130  lbs.  of  lye 
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of  20^  B.  will  generally  suffice,  and  there  will  then  be  no  loss 
of  strength  when  the  spent  lye  is  removed.  When  the  entire 
quantity  of  olein  is  saponified  without  the  spent  lye  showing  a 
biting  sensation  on  the  tongue,  the  kettle  is  tightly  covered 
and  allowed  to  stand,  best  over  night,  for  the  lye  to  settle. 
The  next  day  the  spent  lye  is  pumped  out  or  drawn  off  and, 
after  adding  some  fresh  lye,  the  soap  is  again  allowed  to  boil 
up  so  that  the  grain  becomes  completely  aaturated,  and  the 
spent  lye  also  shows  a  faint  touch  and  is  not  a  hindrance  in 
grinding  the  soap.  When  the  lye  after  boiling  for  some  time 
shows  still  a  faint  touch  it  may  be  confidently  assumed  that 
the  grain  is  completely  saturated. 

Clear-boiling  is  in  this  case  useless  and  the  operation  of 
grinding  can  be  at  once  commenced  if  the  soap  has  not  too 
much  or  only  very  weak  spent  lye.  Steam,  if  available,  is 
here  very  practical ;  it  is  at  once  introduced  and  the  opera- 
tion aided  by  warm  water  until  quite  a  homogeneous  and  but 
slightly  wetting  soap-paste  results,  the  soap  globules  form  a 
firmly  cohering  mass,  and  the  spent  lye  separates  only  with 
difficulty  from  a  sample  of  the  soap  upon  the  spatula.  When 
this  is  the  case  boiling  may  be  considered  as  finished ;  the 
steam  is  then  shut  off  or  the  fire  withdrawn  and  the  soap  is 
allowed  to  rest  for  some  time,  larger  boilings  at  least  36  hours, 
the  kettle  being  well  covered.  Smaller  boilings,  up  to  from 
4500  to  5000  lbs.,  are  best  brought  into  the  frame  the  next 
day,  so  that  they  retain  sufficient  heat  to  recrystallize. 

The  soap  should  be  carefully  drawn  off.  If  there  is  still  a 
thin  film  of  froth  on  the  surface  it  is  cautiously  removed  to 
prevent  froth  from  getting  into  the  frames.  It  is  also  neces- 
sary to  see  that  none  of  the  pasty  spent  lye  reaches  the  frames, 
as  this  would  cause  wet,  blind  spots ;  it  is  much  better  that 
some  grain  should  remain  upon  the  lye  than  that  any  of  the 
latter  should  get  into  the  frames.  After  twenty-four  hours  the 
frames  are  well  covered  before  they  are  allowed  to  cool. 

The  pasty  spent  lye  is  boiled  with  some  bone  fat,  olein  or 
other  old  fat  and  salted  out  and  saved  for  a  fresh  operation. 
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It  is  a  remarkable  fact  that  a  sufficiently  firm  soap  resulting 
in  a  yield  of  about  150  per  cent,  can  be  prepared  from  saponi- 
fied olein  without  the  addition  of  harder  fats,  while  a  service- 
able, salable  product  cannot  be  obtained  by  boiling  distilled 
olein  by  itself.  Some  hard  fat  of  a  better  quality  is  always 
required  to  give  to  the  soap  firmness  and  the  proper  capacity 
of  crystallizing.  However,  as  the  distillation  products  vary 
very  much,  a  definite  proportion  for  the  composition  of  a  ser- 
viceable stock  of  fat  cannot  be  given,  it  must  be  found  by  ex- 
periment. However,  one-third,  and  sometimes  even  one-half, 
of  the  stock  will  have  to  be  of  a  better  quality  of  fat. 

Pure  olein  grained  soap,  when  fresh,  is,  to  be  sure,  quite 
soft,  of  a  pale  brown  color  and  a  pleasant,  sweetish  odor,  but 
it  becomes  firmer  in  drying  and,  with  a  loss  of  about  12  to  15 
per  cent,  in  drying,  acquires  sufficient  hardness.  By  being 
stored  for  some  time  it  fades  and  assumes  a  wax-yellow  to  pale 
yellow  color.  Grained  soap,  prepared  as  above  described,  is 
an  excellent  wool-milling  soap,  and  also  much  liked  for  house- 
hold use. 

By  the  addition  of  one-third  to  one-half  of  bleached  palm  oil 
the  hardness  of  such  olein  soap  is  considerably  increased  with- 
out changing  its  agreeable  odor.  The  cost  of  production  is,  to 
be  sure,  considerably  increased  by  such  addition,  but  the  value 
of  the  soap  is  also  increased  in  the  same  proportion.  The 
procedure  of  boiling  such  a  soap  is  only  changed  in  so  far  that 
the  palm  oil  is  previously  saponified  in  the  customary  manner  ; 
when  the  grain  is  free  and  liquid  the  saponification  of  the  olein 
is  then  finished,  a  somewhat  stronger  lye  being  at  the  utmost 
used.  The  procedure  is  similar  with  an  addition  of  tallow, 
lard  or  bone  fat. 

Grained  soap  from  fuller's  fat.  Partly  on  account  of  its  large 
content  of  fatty  acid  this  soap,  which  is  prepared  chiefly  from 
fuller's  fat,  is  much  used  in  the  woolen  cloth  industry  and, 
when  color  and  odor  are  not  objectionable,  also  for  household 
purposes. 

Fuller's  fat  is  recovered   by  decomposing  the  soap-waters 
17 
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from  cloth  mills  with  sulphuric  acid,  a  product  of  quite  a  light 
color  being  obtained  after  passing  it  through  various  opera- 
tions. The  value  of  fuller's  fat  varies  very  much,  according 
to  the  quality  of  the  soap  used  in  the  mills.  The  color  of  the 
fat  is  also  of  importance,  as  dark  fat  requires  to  be  boiled  upon 
several  waters,  and  the  appearance  of  the  resulting  soap  is  less 
desirable.  Fuller's  fat,  being  a  pure  fatty  acid,  is  readily  sa- 
ponified in  a  similar  manner  as  olein,  and  under  certain  con- 
ditions may  yield  a  good  grained  soap.  Generally,  however, 
it  is  boiled  in  connection  with  other  solid  fats,  the  resulting 
soap  having  a  better  appearance  and  feel. 

Soap  from  fuller's  fat  was  formerly,  as  a  rule,  prepared  by 
bringing  about  1000  pounds  of  stock  lye  of  15°  B.  into  the 
kettle,  and,  after  heating  to  the  boiling  point,  adding  50  to  60 
pounds  of  common  salt.  The  fire  was  then  moderated  and 
the  fuller's  fat  (about  500  pounds)  gradually  introduced.  In 
adding  the  fat  great  care  had  to  be  observed  and  water  or 
weak  lye  always  kept  ready  on  hand,  as  on  account  of  the 
escape  of  carbonic  acid  the  mass  might  foam  up  and  run  over. 
Saponification  was  generally  complete  after  crutching  in  all 
the  fat.  A  small  excess  of  lye  is  of  advantage,  as  it  promotes 
the  decolorization  of  the  fat. 

The  soap  lying  in  the  kettle  as  a  small  round  grain  was 
allowed  to  boil  for  some  time  with  a  moderate  fire,  when  50 
pounds  of  comminuted  rosin  and  about  40  pounds  of  caustic 
lye  of  20*^  B.  were  added.  Boiling  was  then  continued  until 
a  round  grain  was  again  formed,  which  was  fitted.  After  ex- 
tinguishing the  fire  and  allowing  the  sub-lye  to  settle,  the 
soap  was  ladled  into  large  barrels  and  the  dirty  spent  lye 
allowed  to  run  ofiF.  The  soap,  together  with  some  other  cheap 
fat  and  soap  scrap,  was  then  returned  to  the  clean  kettle, 
sufficiently  evaporated  by  gentle  boiling,  and  carefully  and 
slightly  fitted  with  caustic  lye  of  20*^  B.  When  a  sample  of 
the  thick  soap,  after  cooling,  was  dry  and  without  sharpness 
the  finished  soap  was  brought  into  the  frames. 

The  preparation  of  this  soap  may  also  be  effected  by  car- 
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bonate  saponification.  The  material  in  question  being  a  fatty 
acid  without  any  neutral  fat,  for  every  100  lbs.  of  it  21  lbs.  of 
soda  ash  are  allowed.  The  latter  is  dissolved  in  water  to  form 
a  solution  of  30°  B.  and  then  treated  as  previously  described 
under  carbonate  saponification.  To  every  100  lbs.  of  fuller's 
fat  are  at  the  same  time  added  10  lbs.  of  brine  of  20^  B.,  the 
washing  and  grinding  of  the  resulting  grain  being  thereby 
promoted.  When  all  the  carbonic  acid  has  been  expelled  the 
soap  is  strongly  fitted  with  caustic  soda  lye. 

For  the  production  of  a  paler,  harder  soap,  for  instance,  for 
wool-milling  purposes,  the  rosin  is  entirely  omitted  and,  after 
removing  the  spent  lye  and  thoroughly  cleansing  the  kettle, 
about  250  lbs.  of  lye  of  25°  B.  are  added  to  the  decolorized 
grain  of  fuller's  fat.  To  the  boiling  grain  are  then  added  in 
portions  about  100  lbs.  of  olein,  and  when  this  is  thoroughly 
dissolved,  100  lbs.  of  palm  oil  or  bone  fat.  The  soap  will  soon 
appear  thoroughly  combined  and  fluid,  and  also  boil  high. 
It  is  then  slightly  fitted  with  lye  of  25°  B.,  next  salted  out, 
clear-boiled,  and  the  thick  grain  free  from  froth  is  somewhat 
ground  with  weak  lye. 

Soap  from  wool  fat — A  brown,  sticky,  and  quite  solid  fat  is 
obtained  in  washing  raw  sheeps'  wool  with  soap  and  decompos- 
ing the  wafeh  waters  with  acids  etc.,  and  brought  into  com- 
merce under  the  name  of  wool-fat.  It  cannot  be  classed  as  an 
actual  fat  since-,  when  boiled  by  itself,  it  does  not  yield  a 
serviceable  soap.  At  the  present  time  its  use  in  the  manu- 
facture of  soap  is  limited  ;  it  is  employed  as  an  addition  to 
stock  for  so-called  economy  soaps,  chiefly  for  the  purpose  of 
preventing  them  from  graining,  and  sometimes  also  for  dark 
rosined  soap. 

The  procedure  of  manufacturing  a  rosined  grained  soap  with 
an  addition  of  wool  fat  is  in  many  cases  as  follows :  250  lbs. 
of  bone  fat  and  50  lbs.  of  crude  palm  oil,  together  with  about 
150  lbs.  of  lye  of  12°  B.,  are  brought  into  the  kettle  and  com- 
bined by  moderate  boiling.  When  the  mass  is  thoroughly 
combined  the  fire  is  increased  and  more  lye  of  12®  to  15°  B., 
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is  added  in  portions,  until  a  clear  paste  free  from  froth  is 
formed  which  is  finished  so  as  to  show,  when  tasted,  a  faint 
touch.  About  200  pounds  of  wool-fat  and  the  required  200 
pounds  of  lye  of  22°  B.  are  then  added  to  the  paste,  and  after 
thorough  combination  is  established  the  whole  is  allowed  to 
boil  some  time  longer.  Now  slacken  the  fire  and  add  grad- 
ually 50  pounds  of  comminuted  rosin,  together  with  about  40 
pounds  of  caustic  soda  lye  of  20°  B.,  carefully  fit  the  paste, 
after  further  boiling,  with  caustic  soda  lye  of  25^  B.  until  a 
a  sample  shows  moisture,  and  then  salt  out.  The  dark  spent 
lye  is  now  removed  and  a  few  bucketfuls  (only  sufiicient  to 
prevent  scorching)  of  light-colored  spent  lye  derived  from 
grained  soap  are  thrown  into  the  kettle,  and  boiling  is  con- 
tinued until  a  thick  grain  free  from  froth  and  without  sharp- 
ness is  formed.  The  soap  is  then  brought  into  the  frame, 
drawn  through  with  a  rod  and  well  covered. 

Rosined  grained  soaps, — On  account  of  its  excellent  qualities, 
such  as  rapid  saponification,  ready  solubility  and  better  lather- 
ing of  the  soaps  prepared  with  it,  rosin  has  for  many  years 
been  worked  in  large  quantities  in  soap  factories.  It  is 
especially  employed  to  a  great  extent  for  grained  soaps,  and 
such  rosined  soaps,  which  according  to  the  color  and  purity  of 
the  rosin  used  are  of  a  lighter  or.  darker  appearance,  are 
prepared  by  various  methods,  a  few  of  which  will  here  be 
described. 

1.  Rosmed  grained  soap  from  100  parts  fai  and  SO  parts  rosin. — 
An  old  method  which  was  formerly  much  in  use  is  as  follows : 
Combine  by  moderate  boiling  1000  pounds  of  tallow  and  150 
pounds  of  crude  palm  oil  with  700  pounds  of  lye  of  10°  B. 
When  combination  is  complete  increase  the  fire  and  add  grad- 
ually to  the  boiling  mass  lye  of  12°  to  14°  B.  until  a  clear 
paste  is  formed.  When  the  paste  is  thoroughly  saponified, 
continue  boiling  until  it  lies  free  from  froth  in  the  kettle,  and 
a  sample  shows  clear  and  solid  upon  a  glass  plate  and  causes 
a  faint  biting  sensation  when  brought  upon  the  tongue.  At 
this  stage  salt  out  the  paste  and  the  result  will  be  a  thick  grain 
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free  from  froth.     Allow  it  to  rest  for  some  time  in  the  covered 
kettle  for  the  spent  lye  to  settle. 

In  the  meanwhile  saponify  in  another  kettle  360  pounds  of 
rosin  by  gradually  adding  lye  of  20°  B.  (about  650  pounds) 
until  the  complete  saponification  of  the  rosin  is  indicated  by 
lye  separating  from  a  sample.  As  the  separated  lye  absorbs 
all  the  impurities  and  the  greater  portion  of  the  coloring  sub- 
stance of  the  rosin,  the  soap  obtained  is  always  of  a  light 
color. 

The  spent  lye  is  now  pumped  ofif  from  the  soap  in  the  other 
kettle  and  the  dirty  lye  from  the  rosin  soap.  Then  add  the 
rosin  soap  to  the  grained  soap,  and  mix  both  by  vigorous 
stirring  or  the  introduction  of  steam.  The  soap  is  generally 
boiled  upon  a  second  water  by  liquefying  the  grain  with  lye  of 
6°  to  7°  B.,  then  boiling  for  some  time,  and  again  concen- 
trating it  with  lye  of  2°  to  3°  B.  so  that  a  somewhat  thin  pre- 
cipitate of  paste  is  formed.  After  allowing  the  soap  thus  ob- 
tained to  rest  several  hours  it  is  framed  ;  when  cut  it  is  of  beau- 
tiful appearance  and  great  solidity. 

The  manufacture  of  this  soap  is  now  frequently  efifected  as 
follows  :  The  stock  of  fat — tallow,  crude  palm  oil,  and  eventu- 
ally some  palm-kernel  oil — together  with  the  rosin  is  brought 
into  the  kettle  with  about  half  the  quantity  of  caustic  soda  lye 
of  25^  B.  required  for  saponification  and  combination  effected 
with  a  weak  fire.  When  this  is  the  case  more  lye  of  25°  to 
26®  B.  is  gradually  added  and  when  the  clear  paste  free 
from  froth  shows  a  slight  touch,  it  is  salted-out.  If  there 
is  any  scrap  it  is  melted  with  a  moderate  fire  and  the  soap  is 
allowed  to  stand  over  night  in  the  covered  kettle  for  the  spent 
lye  to  settle.  The  next  morning  the  spent  lye  is  removed 
and  the  soap  is  ground,  being  constantly  crutched,  with  boiling 
water  and  a  moderate  fire,  or  eventually  also  with  direct  steam. 

2.  Rosined  grained  soap  from  100  parts  fat  and  4.0  parts  rosin . — 
A  cheap  rosined  soap  of  fine  quality  is  according  to  another 
method  prepared  as  follows:  500  pounds  of  bone  fat,  400 
pounds  of  tallow,  100  pounds  of  crude  palm  oil,  and  700 
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pounds  of  lye  of  12®  B.  are  brought  into  the  kettle  and  inti- 
mately combined  by  crutching  over  a  slow  fire.  The  fire  is 
then  increased  and  lye  of  14°  B.  is  gradually  added  until  a 
clear,  homogeneous  paste  is  formed.  This  will  require  about 
1800  pounds  of  lye  of  14®  B.  The  addition  of  lye  is  best  ex- 
ecuted by  allowing  one  portion  to  thoroughly  combine  with 
the  mass  before  adding  another.  When  a  sample  of  the  paste 
remains  clear  for  some  time  on  a  glass  plate  and  shows  a  slight 
touch,  vigorous  boiling  is  continued  until  the  paste  is  quite  free 
from  froth.  The  paste  is  then  salted  out,  about  8  to  10  per 
cent,  of  salt  of  the  fat  used  being  sufiicient  for  the  purpose. 
After  thorough  settling  the  spent  lye  is  pumped  out  or  drawn 
off.  The  caustic  soda  lye  of  20®  B.  (about  400  pounds)  re- 
quired for  the  400  pounds  of  rosin  is  then  added  and  the  soap 
boiled  clear.  The  previously  comminuted  400  pounds  of  rosin 
are  then  added  in  portions  and  saponified  with  a  moderate  fire. 
The  soap  is  then  boiled  until  it  lies  free  from  froth  in  the 
kettle  and  shows  good  pressure.  It  is  then  thoroughly  fitted 
and  separated,  and  finally  somewhat  ground  with  water.  The 
saponification  of  the  rosin  with  strong  lye  is  of  advantage  in 
itself  because  by  the  great  content  of  water  which,  with  the 
use  of  weak  lye,  is  naturally  brought  into  the  soap,  the  forma- 
tion of  froth  is  readily  promoted. 

3.  Rosined  soap  from  100  parts  fat  and  SO  parts  rosin. — Nine 
hundred  pounds  of  tallow,  100  pounds  of  crude  palm  oil  and 
500  pounds  of  pale  rosin  are  brought  into  the  kettle  and  com- 
bined with  600  pounds  of  caustic  soda  lye  of  15°  B.  with  the 
use  of  a  moderate  fire.  To  the  thoroughly  combined  mass 
add,  while  boiling  vigorously,  more  lye  of  15®  B.  until  a  quite 
clear  paste  has  been  formed.  Then  add  caustic  soda  lye  of 
25°  B.,  and  boil  until  the  paste  lies  free  from  froth  in  the 
kettle,  and  a  sample  pressed  in  the  palm  of  the  hand  leaves 
moisture  behind,  this  being  a  better  and  surer  test  than  that 
by  the  tongue  of  the  complete  saturation  of  the  rosined  soap 
paate.  The  paste  is  then  salted  out,  the  soap  boiled  down 
thick  and  clear  and  the  resulting  thick  grain  ground  with 
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some  hot  water.  The  soap  is  allowed  to  stand  for  about  12 
hours  in  the  covered  kettle,  is  then  brought  into  the  frame 
and  eventually  crutched  cold  in  it. 

4.  Rosined  soap  from  100  parts  Jat  and  80  parts  rosin, — Boil, 
the  same  as  the  preceding  soap,  1000  lbs.  tallow  and  800  pounds 
rosin  with  caustic  soda  lye  of  20°  to  24®  B.  to  a  clear  paste, 
which  is  fitted  so  that  when  tasted,  it  shows  a  faint  biting 
sensation  on  the  tongue.  The  paste  is  then  salted-out  until 
when  taking  samples  the  spent  lye  runs  oflF  clear  from  the 
spatula.  The  soap  is  then  boiled  for  some  time  longer  until 
there  is  a  clear  grain.  It  is  now  allowed  to  stand  in  the  well- 
covered  kettle  for  about  24  hours  to  settle.  The  spent  lye  is 
then  removed  and  the  soap  ground  with  hot  water  until  it  is 
snflBciently  liquefied.  To  make  the  soap  firmer  and  to  guard 
against  its  washing  away  too  quickly,  about  35  per  cent,  of 
silicate  of  soda  (water  glass)  is  crutched  in.  The  soap  if  prop- 
erly constituted  should  show  a  net-like  appearance  when 
crutching  in  the  silicate  of  soda,  and  then  does  not  deposit  a 
sediment. 

5.  Rosined  soap  jrom  100  parts  fat  and  100  parts  rosin, — Nine 
hundred  pounds  of  tallow,  100  lbs.  of  crude  palm  oil  and 
about  600  lbs.  of  lye  of  12°  B.  are  brought  into  the  kettle  and 
intimately  combined  with  the  use  of  a  moderate  fire.  More 
lye  of  13®  B.  (about  200  to  300  lbs.)  is  then  added  to  the  com- 
bined mass,  w:hile  vigorously  boiling,  till  a  good  clear  soap- 
paste  is  formed.  After  withdrawing  by  continued  boiling 
superfluous  water  from  the  paste,  and  the  latter  lies  free  from 
froth  in  the  kettle  and  shows,  when  tasted,  a  slight  touch,  it  is 
salted  out.  The  spent  lye  is  then  removed,  and  to  the  grain 
in  the  kettle  are  added  about  900  lbs."  of  caustic  soda  lye  of 
25®  B.  and  gradually  the  1000  lbs.  of  rosin  previously  com- 
minuted. The  whole  is  then  boiled  for  some  time  so  that  the 
rosin  becomes  thoroughly  saponified.  By  fitting  with  lye  of 
25*^  B.,  so  that  when  tasted  the  soap  shows  quite  a  strong 
touch,  a  quite  firm  product  is  obtained.  The  spent  lye  is  then 
again  removed,  the  soap  thoroughly  ground  with  hot  water, 
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again  fitted  and  then  left  warm  in  the  cx)vered  kettle  to  rest 
for  24  to  36  hours.  The  soap  is  then  brought  into  the  frame, 
and  having  become  somewhat  soft  by  grinding,  solution  of 
soda  crystals  of  35°  B.  (about  5  to  6  lbs.  to  100  lbs.)  is 
crutched  in,  whereby  the  phlegm  is  drawn  and  the  soap  be- 
comes firmer.  The  soap  is  then  crutched  cold.  Sometimes 
1  to  2  lbs.  of  silicate  of  soda  are  added  to  thesoda  solution  to 
prevent  effervescence  of  the  soda,  it  being  also  of  advantage  to 
the  appearance  of  the  soap. 

Transparent  rosined  soap, — In  some  factories  this  soap  is  pre- 
pared as  follows :  Five  hundred  and  twenty  pounds  tallow,  80 
pounds  crude  palm  oil  and  400  pounds  pale  rosin  are  melted 
together  and  some  scrap  dissolved  in  it.  About  1000  pounds 
of  stock  soda  lye  of  20°  B.  are  then  crutched  in  and,  when  a 
good  pasty  combination  has  been  effected,  more  stock  lye  of 
28°  B.  is  added  till  the  glass-test  shows  the  settling  of  paste. 
The  soap  must  not  be  made  too  hot,  as  otherwise  it  becomes 
frothy,  and  it  should  also  be  not  too  much  grained,  as  other 
wise  it  does  not  become  transparent.  When  the  glass-samples 
lie  as  thick  as  the  back  of  a  knife  and,  when  cold,  small  gray- 
black  dots  are  noticed  in  them,  graining  must  cease.  The 
soap  is  constantly  crutched  ;  when  finished  the  kettle  is  well 
covered,  the  soap  allowed  to  rest  for  some  time,  and  then 
framed. 

Black  rosined  soap  is  prepared  as  follows :  270  pounds  palm- 
kernel  oil,  30  pounds  tallow  and  60  pounds  rosin  are  boiled 
with  about  360  pounds  of  caustic  soda  lye  of  25°  B.  to  a  clear 
paste.  The  paste,  after  adding  15  to  18  pounds  of  **  goudron,"  * 
is  well  fitted,  boiled  free  from  froth,  and  then  grained  with 
strong  lye  or  salt.  When  thoroughly  settled  the  strong  lye  is 
removed  and  the  grain  ground  with  some  hot  water  whilst 
being  constantly  crutched.  The  soap  is  then  brought  into  the 
frame  and  crutched  cold. 

Such  soap  may  also  be  prepared  as  a  grained  soap  from  ful- 

*  Distillation-residue  in  the  manufacture  of  stearin. 
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ler's  fat,  bone  fat,  dark  tallow,  palm-kernel  oil,  black  cotton 
oil  foots  and  dark  rosin  with  caustic  soda  lye  of  25®  B.;  5  per 
cent,  goudron  may  eventually  be  also  used. 

Various  methods  of  boiling  rosined  soaps  having  been  given  in 
the  foregoing,  it  remains  to  say  a  few  words  regarding  the  man- 
ufacture of  these  soaps.  First,  it  is  always  of  advantage  to  use 
pure  fat  and  rosin.  For  this  purpose  it  is  best  to  dissolve  the 
fat  upon  water  and  dissolve  the  rosin  in  the  hot  fat.  After 
such  an  operation  it  will  generally  be  found  that  the  water  is 
not  only  much  colored,  but  that  a  thick  sediment  has  formed 
upon  the  bottom  of  the  kettle.  Secondlj'',  it  is  necessary  in 
order  to  prevent  the  formation  of  froth  to  saponify  the  rosin 
with  strong  caustic  soda  lyes,  and  besides  care  must  be  had  to 
saturate  the  rosin  by  a  successive  addition  of  lye.  Thirdly, 
the  rosined  soaps  must  be  only  slightly  fitted,  since  soaps  with 
an  excess  of  soda  decompose.  For  a  similar  reason  the  use  of 
caustic  soda  lye  for  rosined  soaps  is  recommended,  as  this  will 
frequently  prevent  sweating,  for  only  soaps  containing  sodium 
chloride  or  much  sodium  carbonate,  which  attract  moisture 
from  the  air,  sweat. 

Turpentine  soap, — The  cheapest  and  most  convenient  way  to 
prepare  this  soap  is  to  subsequently  crutch  a  few  pounds  of 
turpentine  into  a  rosined  soap,  which  may  be  boiled  clear 
upon  spent  lye  or  upon  paste. 

Ordinary  rosined  soaps,  to  be  sure,  are  frequently  sold  as 
turpentine  soaps,  but  if  the  odor  is  to  be  plainly  perceptible 
and  the  soap  is  to  be  used  for  the  removal  of  stains,  it  is  best 
to  prepare  it  by  itself,  it  costing  no  more,  but  rather  less,  than 
other  soap.  An  ordinary  rosined  soap^is  brought  into  a  small 
frame  of  about  1000  lbs.  capacity  and  27  lbs.  of  soda  crystals 
dissolved  in  a  small  quantity  of  water  are  crutched  in ;  some 
silicate  of  soda  may  be  used  in  place  of  soda.  When  all  is 
thoroughly  combined,  which  is  recognized  by  the  doughy  ap- 
pearance of  the  soap,  5  to  6  lbs.  of  turpentine  are  stirred  in. 
The  frame  is  then  allowed  to  stand  covered  for  a  few  hours. 

Russian  saddle  soap, — Genuine  Russian  saddle  soap  is  sold 
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in  boxes.  It  is  a  rosined  tallow  soap  which  may  be  prepared 
by  carefully  melting  Ru&sian  tallow  and  dissolving  in  it  50 
per  cent,  of  rosin.  This  mixture  is  saponified  with  one-half 
potash  lye  and  one-half  soda  lye  (stock  lye  of  24°  B.).  The 
resulting  paste  is  allowed  to  settle  and  the  grain  ground  with 
some  warm  water.  The  clear  soft  soap  is  brought  into  boxes 
or  barrels. 

A  good  saddle  soap  in  bars  is  prepared  as  follows :  10  parts 
tallow,  5  parts  crude  palm  oil  and  3^  parts  pale  rosin  are 
boiled  to  grain.  The  spent  lye  is  then  removed  and  about  7 
parts  of  caustic  soda  lye  of  27°  B.  are  added,  and  next  suc- 
cessively about  7  parts  palm-kernel  oil  to  cut  the  strength  of 
the  lye.  The  soap  is  then  boiled  thick,  fitted  so  that  when 
tasted  it  shows  a  faint  biting  sensation  on  the  tongue,  and  by 
the  addition  of  brine  of  20®  B.  is  brought  so  far  as  to  be 
suflBciently  fluid  and  thoroughly  moisten  the  finger  sample. 

b.  Settled  Grained  Soaps, 

The  preparation  of  smooth  grained  soaps,  which  are  found 
so  much  in  commerce,  is  effected  by  two  different  methods, 
according  to  the  fats  used.  The  object  of  both  methods  is  to 
produce  as  pure  a  soap  as  possible  by  separating  all  the  im- 
purities with  the  superfluous  content  of  water  and  alkali. 

One  method  is  to  grind  by  means  of  water  grained  soaps 
boiled  upon  spent  lye  until  a  paste  is  formed  ;  this  is  used  for 
all  soaps  from  animal  fats,  olive-oil,  palm-oil  and  olein.  The 
other  method  is  based  upon  the  formation  of  a  precipitate  of 
paste,  which  is  produced  by  adding  either  lye  or  salt  in  ex- 
cess, though  in  both  cases  not  sufficient  to  effect  complete 
separation  of  the  soap.  This  method  is  only  applicable  when 
working  cocoanut-oil  or  palm-kernel  oil  in  connection  with 
other  fats,  and  can  be  executed  either  in  a  direct  or  indirect 
way. 

Since,  generally  speaking,  but  few  settled  soaps  are  at  pres- 
ent boiled  without  the  use  of  palm-kernel  oil,  the  latter  fre- 
quently forming  even  the  preponderating  portion  of  the  soap- 
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stock,  the  last  mentioned  method  of  working  is  commonly 
adopted.  The  entire  soap-stock  together  witlv^ny  additional 
fats  or  olein  is  saponified  with  caustic  soda  lye  of  29  to  36°  B., 
according  to  whether  working  with  steam  or  an  open  fire,  and 
fitted  to  a  moderate  touch.  The  soap  is  then  moderately 
grained  with  brine  of  24®  B.  up  to  the  point  of  the  separation 
of  paste.  With  the  method  of  boiling  with  pure  caustic  lyes, 
now  in  general  use,  it  is  not  advisable  to  bring  about  the 
separation  of  paste  by  means  of  an  excess  of  caustic  lye,  as  in 
the  presence  of  too  much  water  mottled  soaps  are  readily 
obtained,  and  soaps  that  are  short  and  .brittle  in  the  outside 
cuts ;  besides  they  do  not  settle  well  and  clean,  and  moreover 
possess  a  larger  excess  of  free  alkali. 

Hence,  in  view  of  the  present  use  of  very  pure  raw  materials 
and  thoroughly  caustic  lyes,  it  is  best  to  work  with  lyes  as 
strong  as  possible,  fit  to  a  moderate  touch,  and  slightly  grain 
the  soap  with  strong  brine.  The  production  of  light-colored 
soaps  free  from  froth  and  stains  with  as  little  paste  as  possible 
depends  on  the  more  or  less  careful  observance  of  these  three 
points,  provided  of  course  that  the  raw  materials  used  and  the 
rosin  eventually  employed  are  pure  and  of  a  pale  color.  If, 
on  the  other  hand,  darker  fats  are  to  be  worked  together  with 
the  soap-stock  it  is,  of  course,  more  correct  to  first  boil  them 
together  with  the  rosin  with  weaker  caustic  lye  and  bring 
them  as  a  salted-out  grain  into  the  soap.  By  this  preparatory 
boiling  such  fats  are  partly  purified  and  decolorized,  and  the 
pale  color  of  the  soap  is  thus  less  impaired.  Any  paste-grain 
on  hand  may  also  be  melted  in  this  preparatory  boiling,  it 
being  also  improved  by  such  remelting. 

In  view  of  the  frequent  fluctuations  in  the  fat  and  oil  mar- 
ket it  is  not  an  easy  task  to  always  obtain  a  uniformly  fine 
product.  It  is  therefore  all  the  more  necessary  for  the  soap- 
boiler to  be  thoroughly  acquainted  with  the  qualities  of  all 
the  fats  and  oils  to  be  worked  for  the  time  being,  and  the  best 
methods  for  their  saponification,  so  as  to  treat  them  conform- 
able to  their  nature  and  to  gain  from  them  the  best  soap 
possible. 
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All  settled,  soaps  must  be  free  from  dirt  and  be  glossy.  A 
product  of  a  dead  or  dirty  appearance  cannot  be  considered  of 
good  quality  even  if  its  content  of  fatty  acid  is  greater  than 
that  of  a  bright  silvery-radiated  soap.  Hence  for  the  soap 
stock,  fats  free  from  dirt  and  of  as  pale  a  color  as  possible 
should  be  selected  and,  if  necessary,  purified  by  boiling  with 
salt  water.  If  this  should  not  prove  suflBcient  they  may  be 
further  improved  by  the  above-mentioned  preparatory  boiling 
to  grain.  Direct  boiling  is,  however,  the  method  most  gener- 
ally used,  it  possessing  the  advantage  of  being  quicker,  though 
whether  it  is  cheaper,  as  it  would  appear  to  be,  is  doubtful. 
Generally  speaking,  too  much  value  is,  without  justification, 
set  upon  the  finishing  of  a  boiling  of  a  soap  as  quickly  as  pos- 
sible. In  four  to  five  hours  from  the  time  the  soap-stock  is 
introduced,  and  frequently  in  a  still  shorter  time,  it  must  be 
finished,  the  result  being  that  in  about  fourteen  days  the 
greater  portion  of  the  soap,  and  often  all  of  it,  has  to  be  returned 
to  the  kettle  on  account  of  its  being  defective.  By  boiling 
with  pure  material  and  strong  lyes,  the  whole  operation  can 
to  be  sure  be  forced  very  quickly,  but  slower,  quieter  boiling 
is  by  all  means  to  be  recommended,  since  saponification  thereby 
progresses  more  intimately  and  more  thoroughly,  and  the  soaps 
turn  out  better  and  firmer. 

Boiling  is  a  chemical  process  which  is  the  more  completely 
carried  through  the  more  time  is  allowed  for  its  full  develop- 
ment. Soaps  finished  in  the  shortest  time  are  seldom  of  the 
best  quality,  and  the  occurrence  of  so  many  soaps  which  in  a 
comparatively  short  time  show,  especially  on  the  surface,  un- 
combined  fatty  acids  has  without  doubt  to  be  attributed  to 
their  having  been  too  quickly  finished. 

Although,  as  previously  mentioned,  direct  boiling  is  at 
present  almost  generally  preferred  and  is  decidedly  warranted 
with  soap-stocks  consisting  entirely  or  almost  so  of  cocoanut 
oil  or  palm-kernel  oil,  it  may  at  times  happen  that  other  fats 
and  oils,  such  as  bone-fat,  peanut  oil,  cotton-seed  oil,  etc.,  are 
cheaper.     Larger  quantities  of  such  material  will    then  of 
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course  be  used  as  additions  to  the  stock,  and  in  that  case  it  is 
by  all  means  more  correct  to  subject  siich  fats  to  a  preparatory 
boiling,  as  the  resulting  soaps  will  be  not  only  of  a  lighter 
color  but  also  firmer. 

The  quantities  of  such  additional  fats  which  may  be  used 
vary  much  according  to  their  kind,  since  the  greater  or  lesser 
firmness  of  the  soap  depends  thereon,  and  on  the  other  hand,- 
the  property  of  lathering  readily,  which  is  characteristic  of  all 
cocoanut  oil  and  palm-kernel  oil  soaps,  is  decreased   by  too 
large  an  addition  of  other  fats.     Thus,  for  instance,  very  firm 
soaps  of  good  appearance  can  be  prepared  from  a  good  quality 
of  beef-tallow  with  additions  of  only  10  to  12  per  cent,  palm- 
kernel  oil ;  but  notwithstanding  their  economical  consump- 
tion, such  soaps  are  not  liked  by  consumers  because  they  give 
too  little   lather     Although  tallow  is  almost  always  more 
expensive  than  palm-kernel  oil  it  may  under  certain  condi- 
tions be  desirable  to  work  it  to  a  greater  extent.     In  such  a 
case  it  is  advisable  to  maintain  the  soap  stocks  so  that  they 
always  contain  50  per  cent,  palm-kernel  oil ;  this  applies  also 
to  the  use  of  bone  fat,  horse  fat,  or  similar  fats  as  additions. 
If  the  soaps  may  or  are  to  contain  rosin,  the  addition  of  palm- 
kernel  oil  may  be  reduced  to  25  per  cent,  and  soaps  lathering 
quite  freely  may  also  be  prepared  from  tallow  and  15  to  20 
per  cent,   rosin,  but  such  combinations  do  not  yield  soaps 
lathering  as  freely  as  demanded  by  many  consumers.     Hence 
it  is  well  not  to  boil  soap-stock  with  less  than  25  per  cent, 
palm-kernel  oil,  leaving  out  of  consideration  the  additions  of 
rosin.     When  larger  quantities  of  tallow  or  tallowy  fats  are 
worked,  it  is  advisable  to  first  boil  them  to  grain  as  better 
saponification  is  thus  attained  and  what  has  to  be  especially 
taken  into  account;  with  softer  fats,  the  resulting  soaps  are 
firmer.     If  on  account  of  their  lower  price  cotton  seed  oil  or 
peanut  oil  is  to  be  used  not  more  than  33  per  cent,  of  them 
should  be  added  with  due  regard  for  the  firmness  of  the  soaps, 
and  if  the  latter  are  to  be  rosined  it  is  well  to  limit  the  addi- 
tion of  such  oils  to  25  per  cent.     This  also  applies  to  additions 
of  linseed  oil  in  times  when  it  is  especially  cheap. 
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Cotton-seed  oil  and  linseed  oil  are  drying  oils,  especially  the 
latter.  Soaps  with  such  additions  give  lower  yields  and  are 
subject  to  the  danger  of  becoming  yellow-  or  brown-spotted 
after  being  stored  for  a  shorter  or  longer  time.  The  opinion 
is  frequently  expressed  that  the  soap  can  be  protected  from 
such  spotting  by  being  strongly  fitted.  Such,  however,  is  not 
the  case,  for  it  has  been  proved  by  practical  experience  in 
working  such  oils  that  moderately  to  slightly  fitted  soaps  keep 
longest  before  the  formation  of  spots  appears,  while  stronger 
fitting  seems  to  favor  their  earlier  formation.  Of  the  two  oils 
named  linseed  oil  is  the  most  sensitive  in  this  respect  and 
gives  also  the  lowest  yields ;  cotton-seed  oil  is  now  of  better 
quality  than  formerly  and  is  less  sensitive. 

The  better  grades  of  cotton-seed  oil,  preferably  that  from 
hulled  seed,  can  to  a  limited  extent  be  used  as  an  addition  in 
the  preparation  of  settled  white  wax  grained  soaps.  Thus,  for 
instance,  soap-stock  of  2  parts  palm-kernel  oil  and  1  part  each 
of  a  good  quality  of  white  tallow  and  of  American  cotton-seed 
oil  from  hulled  seed  would  yield  a  fine  white  grained  soap. 
The  tallow  together  with  the  cotton-seed  oil  should  be  boiled 
to  grain  with  caustic  lye  of  15°  to  18°  B.,  fitted  so  as  to  show 
a  scarcely  perceptible  biting  sensation  on  the  tongue,  and  then 
salted  out.  After  removing  the  spent  lye  the  caustic  lye  of 
24°  to  25°  B.  required  for  pasting  the  palm-kernel  oil  should 
be  added  and  boiled,  according  to  conditions,  over  an  open  fire 
or  by  steam.  In  boiling  with  steam  some  water  always  gets* 
into  the  kettle  and  it  is  advisable  to  use  lyes  of  somewhat 
greater  strength — about  27°  to  28^  B.  In  calculating  the  lye 
it  is  well  to  always  start  with  the  consumption  of  caustic  soda  ; 
the  lyes  can  then  be  made  according  as  they  are  to  be  used. 
It  may  be  estimated  that  100  pounds  of  any  kind  of  fat  re- 
quire for  saponification  17  pounds  of  caustic  soda,  this  quan- 
tity giving  a  small  excess  of  alkalinity  even  when  working 
cocoanut  oil,  while  this  excess  is  still  larger  with  tallow,  peanut 
oil,  cotton-seed  oil,  and  other  fats.  When  the  grain  together 
with  the  lye  has  been  brought  to  the  boil,  the  palm-kernel  oil 
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is  gradually  added  so  that  one  portion  is  completely  saponified 
before  adding  another,  the  sudden  saponification  of  a  large 
quantity  of  palm-kernel  oil  and  consequent  energetic  rising. 
up  or  fobbing  being  thus  avoided.  When  all  the  oil  is  in  the 
kettle  and  combination  complete,  there  should  be  a  quietly 
boiling  soap  in  the  kettle  which  should  show  but  a  moderate 
touch,  but  nevertheless  have  good  pressure  and  suflBcient  firm- 
ness. By  carefully  separating  at  this  stage  the  soap  with 
brine  of  24°  B.,  so  that  the  separation  of  the  paste  from  grain 
can  be  noticed,  a  pure,  thoroughly  settled  soap,  free  from 
stains,  from  the  top  to  the  paste  bottom,  will  be  obtained. 

Frothy,  dirt-stained  soaps  are  evidence  of  too  strong  fitting, 
and  this  shows  the  necessity  of  a  more  energetic  separation 
with  brine.  Perfectly  caustic-boiled  soaps  require  no  excess 
of  alkali,  at  least  none  that  can  be  noticed  on  the  tongue. 
The  more  accurately  this  is  managed,  the  less  brine  will  have 
to  be  used  for  separating  the  soap,  and  the  more  free  from 
froth  and  dirt  the  latter  will  be  obtained. 

Soaps  fitted  strongly  and  to  touch  lack,  when  purely  canstic- 
boiled,  fluidity  and  mobility.  They  are  viscid,  pasty  and 
thickly  fluid,  and  for  this  reason  do  not  allow  the  dirt  and 
coloring  matter  to  fall  to  the  bottom  at  all  or  only  insufii- 
ciently  so.  They  are  especially  dirt-stained  and  spotted  when 
too  much  brine  has  been  used  for  separation,  which,  however, 
becomes  necessary  when  fitting  with  weak  lyes  to  a  strong 
touch.  With  the  pure  caustic  lyes  of  the  present  time  the 
conditions  for  obtaining  fine  settled  soaps  are  not  to  work  with 
too  weak  lyes,  and  to  restrict  the  quantity  of  lye  for  fitting  to 
what  is  absolutely  necessary,  the  latter  provision  applying  also 
to  the  use  of  common  salt.  It  should  always  be  borne  in  mind 
that  while  for  the  formation  of  well-combined,  serviceable  and 
durable  soaps  all  fats,  to  be  sure,  require  complete  saturation 
with  alkali,  a  larger  excess  of  uncombined  alkali  is  not  only 
superfluous  but  absolutely  injurious,  because  it  only  remains 
mechanically  mixed  with  the  soap,  and  for  that  reason  causes 
disturbances.     In  boiling  with  pure  caustic  soda  any  quantity 


272  MANUFACTURE   OF   SOAP. 

which  shows  a  perceptible  biting  sensation  on  the  tongue  must 
be  designated  as  a  larger  excess. 

After  these  general  remarks  the  boiling  of  soap  from  the 
above-mentioned  materials  will  be  described  by  giving  the 
separate  operations  in  detail. 

Wax  soap, — Suppose  5000  kilogrammes  *  of  soap-stock  con- 
sisting of  1250  kilos  beef  tallow,  1250  kilos  cotton  seed  oil 
from  hulled  seed  and  2500  kilos  palm-kernel  oil  are  to  be 
worked  into  smooth  white  wax  soap.  As  100  kilos  of  oil  and 
fat  require  for  saponification  17  kilos  of  caustic  soda,  50  X  17 
=  850  kilos  of  caustic  soda  are  first  dissolved.  As  a  drum 
generally  contains  250  to  300  kilos  of  caustic  soda,  three 
drums  would  be  suflBcient.  It  is,  however,  advisable  to  dis- 
solve, as  a  precaution,  the  contents  of  four  drums  so  as  to 
have  a  supply  of  caustic  lye  for  any  contingency  which  may 
arise.  Next  determine  the  weight  of  each  drum  and  deduct 
10  kilos  tare  from  each  drum.  Suppose  the  net  weight  is 
1125  kilos,  which  multiplied  by  2  gives  2250  kilos.  The 
bottoms  of  the  drums  are  removed  by  means  of  a  chisel  and 
also  the  covers  of  the  filling  apertures  in  the  heads.  The 
drums  are  then  hoisted  by  means  of  a  tackle  into  an  empty 
lye-tank.  Since  1  kilo  of  caustic  soda  when  dissolved  in 
water  gives  3  kilos  of  lye  of  38°  B.,  2250  kilos  of  cold  water 
are  brought  into  the  tank,  and  the  whole  is  allowed  to  stand 
till  the  next  morning,  when  the  soda  will  be  found  dissolved. 
The  empty  drums  are  then  removed  and  the  lye  is  thoroughly 
crutched.  The  result  will  be  3375  kilos  caustic  lye  of  38°  B. 
As  for  boiling  250  kilos  of  tallow  and  cotton-seed  oil  125  kilos 
lye  of  38°  B.  are  required ;  this  quantity  is  brought  into 
another  tank  or  into  a  moveable  iron  kettle  which  is  placed 
alongside  the  soap  kettle.  Enough  water  is  then  added  to 
this  lye  to  reduce  it  to  15°  or  16°  B.  About  50  kilos  of  this 
lye  are  then  brought  into  the  soap  kettle  and,  when  working 
with  an  open  fire,  an  equal  quantity  of  witter  is  added.     The 

*  1  kilogramme  =2.2  lbs. 
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tallow  and  cotton-seed  oil  are  then  brought  into  the  kettle  and 
the  fire  is  started,  or  steam  admitted.  The  fats  while  melting 
combine  simultaneously  with  the  lye,  and  in  a  short  time  50 
kilos. more  of  lye  can  be  added.  Firing  or  steaming  is  now 
continued  for  some  time  longer  until  a  peculiar  thumping  of 
the  mass  of  fat  calls  attention  to  the  fact  that  more  lye  is 
needed,  when  50  kilos  more  of  it  are  added  and  so  on  until  a 
well-combined  pasty  soap  boils  in  the  kettle.  When  there  are 
still  100  to  160  kilos  of  lye  available,  the  sample  of  soap  taken 
by  means  of  a  paddle  is  more  closely  examined  and,  with 
some  practice,  it  will  readily  be  seen  whether  the  soap  is 
almost  saturated  with  alkali,  or  whether  it  still  requires  a 
larger  quantity  of  lye.  However,  great  care  has  to  be  exer- 
cised, as  a  soap  showing  a  perceptible  biting  sensation  on  the 
tongue  is  not  wanted.  Should  this  nevertheless  happen,  it  is 
neutralized  with  about  100  kilos  of  tallow  kept  in  reserve  for 
this  purpose  from  the  soap-stock.  In  the  meanwhile  dry  salt 
has  been  got  ready  and  is  gradually  scattered  over  the  boil- 
ing soap  in  the  kettle.  In  observing  the  effect  of  the  salt 
upon  the  soap,  it  will  be  noticed  that  the  latter  commences  to 
tear  and  that  spent  lye  separates.  The  latter  should  remain 
perfectly  clear,  must  not  be  turbid  or,  in  cooling,  become 
jellied.  If  the  latter  were  the  case  it  would  indicate  that 
uncombined  alkali  is  still  in  the  soap  and  50  to  100  kilos  of 
tallow  or  cotton-seed  oil  would  have  to  be  brought  into  the 
kettle  and  boiled  with  the  rest.  The  lye  must  be  absolutely 
clear  and  not  have  a  pasty  appearance.  When  spent  lyes 
become  pasty  it  can  always  be  traced  to  a  content  of  caustic 
alkali  or. of  alkaline  carbonate,  and  it  can  only  be  remedied 
by  boiling  with  fat  or  fatty  acids,  but  never  by  strong  salting 
out. 

When  finally  the  spent  lye  is  clear  the  soap  is  allowed  to 
stand  quietly  for  about  two  hours  without  fire  or  steam,  the 
spent  lye  during  this  time  settling  to  the  bottom.  If  there  is 
another  soap-kettle  it  is  now  made  ready  ;  it  should,  of  course, 
be  clean.  The  lye  necessary  for  the  saponification  of  the 
18 
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palm-keruel  oil  is  now  brought  into  the  kettle,  1250  kilos  of 
38^  B.  being  required  for  this  purpose,  which  are  reduced  with 
water  to  a  density  of  25°  to  27°  B.  In  the  meanwhile  the 
grain  in  the  other  kettle  has  become  quite  free  from  lye.  It 
is  carefully  ladled  out  and  brought  into  the  other  kettle,  the 
fire  under  the  latter  being  at  the  same  time  started.  A  quan- 
tity of  palm-kernel  oil  is  now  from  time  to  time  added  till 
everything  is  saponified  and  the  soap  itself  boils  quietly  with- 
out perceptible  rising  in  the  kettle.  When  the  soap  thus  boils 
quietly  and  it  may  be  assumed  that  all  the  palm-kernel  oil  has 
been  properly  saponified,  the  fitting  is  tested.  An  experienced 
soap-boiler  can  immediately  judge  by  the  feel  and  finger- 
pressure  of  a  cooled  sample  whether  the  soap  is  sufficiently 
fitted  or  whether  it  is  still  too  weak ;  but  the  beginner  will 
have  to  be  also  assisted  by  the  tongue  to  determine  the  state 
of  fitting.  When  conversant  with  this  test  he  may  commence 
such  corrections  as  may  be  required  as  to  whether  lye  has  to  be 
added  or  whether  too  large  an  excess  of  alkali  has  to  be  cut 
with  oil  or  fat.  If  he  notices  a  perceptible  biting  sensation  on 
the  tongue,  100  to  150  kilos  of  oil  have  to  be  immediately 
added  and  thoroughly  boiled  for  at  least  half  an  hour.  When 
this  has  been  done  another  test  is  made,  and  testing  repeated 
till  no  biting  sensation  is  noticed  on  the  tongue. 

Phenolphthalein  solution  is  now  used  for  further  testing. 
The  solution  itself  is  colorless,  but  turns  red  when  brought 
in  contact  with  alkalies.  If  a  drop  of  it  is  allowed  to  fall  upon 
soap  to  be  tested,  the  latter  turns  blood-red  if  an  excess  of 
alkali  is  present,  but  remains  colorless  when  fitting  is  siill 
wanting.  Hence,  with  the  assistance  of  this  reagent  it  can  be 
readily  and  accurately  determined  whether  all  the  fat  has  been 
saturated  with  alkali  or  whether  an  excess  of  it  is  already 
present.  An  excess  of  alkali  traceable  by  this  reagent  is  suffi- 
cient proof  of  sufficient  fitting.  However,  this  test  is  not  reli- 
able where  boiling  is  effected  with  stock  lye,  as  alkaline  car- 
bonates also  react  with  it ;  neither  is  it  as  available  for  soft 
soaps. 
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The  soap  is  now  allowed  to  boil  for  about  one  hour  longer 
in  order  to  be  sure  that  the  excess  of  lye  present  has  been 
again  boiled  away,  and  the  above  mentioned  test  is  for  this 
reason  several  times  repeated.  If  the  result  remains  the  same, 
the  separation  of  the  soap  with  brine  of  20°  B.  is  commenced, 
but  very  little  of  it  will  have  to  be  used,  because  the  soap 
having  but  a  slight  excess  of  alkali  separates  readily  and  de- 
posits the  paste.  About  250  to  300  kilos  of  brine  of  20°  B. 
will  suffice  for  the  purpose. 

If  the  soap  after  standing  quietly  for  one  hour  is  ladled  out 
and  covered  in  the  frame,  a  mattress  being  wrapped  round 
the  latter,  a  product  pure  and  smooth  to  the  paste-bottom  is 
obtained.  If  however,  it  is  allowed  to  stand  for  24  hours  in 
the  well-covered  kettle  the  pure  clear  soap  can  be  ladled  from 
the  paste  and  when  this  is  carefully  done,  there  will,  after 
cooling,  be  found  a  frame  of  soap  which  when  cut  will  be  fit 
for  use  from  top  to  bottom.  The  paste  remaining  in  the  kettle 
is  boiled  out  with  about  200  to  250  kilos  of  fat  or  tallow  and, 
without  the  further  use  of  salt,  clear  spent  lye  very  pure  and 
containing  glycerin  is  obtained.  Generally  speaking  the  con- 
tent of  glycerin  in  the  spent  lyes  of  soaps  thus  treated  amounts 
to  between  7  and  8  per  cent,  according  to  the  fats  used. 

The  boiling  of  settled  rosined  soaps  is  effected  in  the  same 
manner  as  above  described,  the  only  difiference  being  that  the 
rosin  is  also  preparatively  boiled  in  the  grain,  it  being  by  this 
means  to  some  extent  discolored,  and  the  dirt  and  coloring 
matter  washed  out.  If  no  fats  or  oils  are  to  be  preparatively 
boiled,  the  entire  soap-stock  may  be  directly  worked,  using, 
however,  lyes  of  30°  B.  Fitting,  graining  the  soap,  etc.  are 
effected  as  above  described. 

The  demands  made  on  a  white  grained  soap  as  regards  a 
more  or  less  white  color  vary  according  to  localities.  While 
some  consumers  insist  on  an  almost  snow-white  color,  others 
are  satisfied  with  a  somewhat  more  yellowish  shade.  The 
whitest  soaps  are  without  doubt  obtained  from  mutton  tallow 
and  cocoanut  oil,  but  this  is  of  coarse  possible  only  when 
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adequate  prices  are  paid  for  the  soap.  However,  these  raw 
materials  yield  also  soaps  which  readily  tear ;  this  can,  how- 
ever, be  prevented  by  including  in  the  soap-stock  some  white 
cottonseed  oil  or  peanut  oil,  10  to  15  per  cent,  of  either  oil 
being  sufficient  for  the  purpose.  Such  a  soap-stock  might 
consist  of:  15  parts  oil  (either  peanut  or  cottonseed  oil)  45 
parts  mutton  tallow  and  40  parts  cocoanut  oil. 

Beautiful  white  soaps  can  also  be  produced  from  soap-stock 
consisting  of  equal  parts  of  beef  tallow  and  palm-kernel  oil ; 
the  tallow  must,  of  course,  be  fresh  and  white.  When  a  good 
quality  of  light-colored  horse  fat,  lard  or  American  white  bone 
fat  is  available,  such  fat  may  be  substituted  for  a  portion  of 
the  tallow.  However,  tallow,  together  with  cocoanut  and 
palm-kernel  oils,  is  after  all  the  best  raw  material  for  obtain- 
ing the  finest  qualities  of  white  soap. 

A  particularly  fine  and  white  grained  soap  is  obtained  by 
working  tallow  and  palm-kernel  oil  according  to  the  following 
method:  The  tallow  is  killed  and  thoroughly  boiled  with 
caustic  soda  lye  of  12°  to  15°  B.,  very  slightly  fitted  and 
salted  out ;  the  spent  lye  is  then  removed.  To  the  grain  in 
the  kettle  is  then  added  the  quantity  of  caustic  soda  lye  of 
25°  B.  required  foi*  boiling  the  palm-kernel  oil.  The  grain  is 
boiled  with  this  lye  and  when  the  palm-kernel  oil  has  been 
gradually  added  it  is  fitted  to  a  moderate  touch,  again  salted 
out,  and  the  spent  lye  removed. 

Sufficient  water  is  added  to  the  salted-out  grain  to  change  it 
to  a  paste  and  boil  up  like  a  thin,  strongly-ground  soap. 
Soap  thus  treated  possesses  the  power  of  depositing  any  light 
particles  of  dirt  still  inherent  to  it  in  the  paste  or  to  throw  it 
into  the  light  cover  of  froth.  The  soap  is  allowed  to  stand 
over  night  in  the  well-covered  kettle.  The  next  morning  the 
light  skin  of  froth  on  top  is  removed  and  the  transparent  grain 
lying  beneath  it  carefully  lifted  from  the  paste.  When  cutting 
the  soap  it  will  from  top  to  bottom  be  found  pure  and  free 
from  defects.  Not  every  soap  boiler  will  of  course  spend  ao 
much  labor  on  one  kind  of  soap,  but  the  trouble  is  amply  re- 
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paid  by  the  larger  quantity  of  salable  first-class  soap  obtained 
as  compared  with  a  product  prepared  with  less  care  and  ex- 
pense of  time,  which  gives  more  scrap  and  paste  bottom,  and 
besides  turns  out  greyer  and  less  white. 

Oranieiiburg  grained  soap, — This  soap,  frequently  also  called 
olein  soap,  is  a  smooth  rosined  grained  soap.  It  is  generally 
demanded  of  a  very  pale,  waxy,  yellowish  color.  The  palest 
brands  of  French  or  American  rosin  should  be  used,  and  fats 
which  yield  clear  white  soaps,  such  as  white  palm-kernel  oil, 
tallow,  cotton-seed  oil,  white  olein,  lard  or  lardaceous  fats, 
light-colored  bone  fat,  etc.  It  is  advisable  to  use  as  soap-stock 
at  least  two-thirds  palm-kernel  oil  and  one-third  of  the  above- 
mentioned  fats.  Suitable  stocks  are,  for  instance  :  Palm-kernel 
oil,  1200  pounds ;  tallow  or  light-colored  bone  fat,  400  pounds ; 
cottonseed  oil,  linseed  oil  or  pale  olein,  200  pounds ;  pale  rosin, 
360  to  450  pounds — hence  20  to  25  per  cent,  of  the  fat ;  or  : 
Palm-kernel  oil,  400  pounds ;  fats  (horse  fat  or  light-colored 
bone  fat),  200  pounds  ;  cottonseed  or  linseed  oil,  200  pounds  ; 
pale  rosin,  120  to  160  pounds. 

It  may  happen  that  lots  of  cocoanut  oil  may  be  bought 
cheaper  than  palm-kernel  oil.  Although  in  such  a  case  the 
oil  will,  as  a  rule,  be  old  and  contain  much  free  fatty  acid, 
cocoanut  oil  is  very  suitable  for  settled  soaps,  and  at  the  same 
price  deserves  the  prefererfce  over  palm-kernel  oil,  as  a  some- 
what larger  quantity  of  soft  fat  or  oil  can  be  worked  with  it 
without  the  soap  turning  out  softer  on  that  account.  An 
excellent  product,  pale  as  well  as  firm,  is  obtained  from  stock 
consisting  of:  Cocoanut  oil  400  lbs.,  linseed  or  cotton-seed  oil 
200  lbs.,  pale  rosin  90  lbs. 

Linseed  oil  and  cotton-seed  oil  can  only  be  ^rked  to  advan- 
tage in  conaection  with  other  fats  which  by  themselves  give 
firmer  soaps,  such  as  cocoanut  oil,  palm-kernel  oil,  tallow,  etc. 
Besides,  their  use  can  only  be  recommended  when  they  are 
very  low  in  price,  as  the  yield  of  soap  is  far  less  than  from 
other  fats,  which  is  the  case  to  a  still  greater  extent  as  regards 
castor  oil,  which,  moreover,  gives  very  soft  soaps,  so  that  its 
use  is  absolutely  unprofitable. 
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All  scrap,  as  well  as  the  product  resulting  from  boiling  the 
precipitated  paste  of  previous  boilings  of  the  same  kind  of 
soap,  are  brought  into  the  kettle  and  boiled  with  lye  of  at 
least  29°  to  30°  B.  until  all  froth  has  disappeared,  the  quan- 
tity of  lye  being  about  one-half  of  that  of  the  stock.  Combi- 
nation is  then  carefully  induced  with  the  palm-kernel  oil 
stock.  The  larger  part  of  the  rosin  previously  comminuted 
is  held  in  readiness  to  promote  combination,  it  generally  tak* 
ing  place  when  about  one-half  of  the  rosin  has  been  added. 
The  rosin  also  prevents  the  mass  from  rising  too  violently 
when  combination  takes  place,  lye  being  also  held  in  readi- 
ness to  prevent  boiling  over.  Caution  is  always  necessary  in 
effecting  combination  with  such  strong  lyes. 

When  combination  is  complete  and  the  mass  boils  quietly 
and  uniformly,  the  quantity  of  lye  still  wanting  is  gradually 
added  together  with  the  rest  of  the  stock,  i,  e,,  the  fluid  and 
lardaceous  fats,  until  the  soap  boils  thick  and  curly,  but  shows 
a  perceptible  touch.  With  a  moderate  fire  the  rosin  still 
wanting  is  then  allowed  to  dissolve  and  the  mass  again  fitted 
to  a  good  caustic  taste.  With  an  average  lye  of  30°  B.  the 
soap  can  now  scarcely  boil  excessively  thick,  because  the  more 
rosin  is  worked  the  thinner  the  soaps  turn  out  and  the  stronger 
the  lye  required  towards  the  end  of  boiling  must  be  without 
the  necessity  of  additional  salting  or  separating  with  some 
rosin.  A  slight  excess  of  lye  perceptible  upon  the  tongue  or 
by  turbid  dull  streaks  upon  the  paddle  suflBces  for  the  separa- 
tion of  a  paste  precipitate.  If,  however,  the  soap  should  boil 
somewhat  too  thick  and  heavy,  a  few  bucketfuls  of  water, 
weak  lye,  or  brine  suflBce  to  render  it  more  loose  and  thinner. 
Light,  loose  boiling  is  an  indication  that  the  soap  is  finished. 
The  fire  is  then  removed,  the  kettle  covered  for  a  few  hours, 
and  the  soap  finally  framed  while  hot.  The  frames  remain 
covered  for  two  days  for  the  paste  to  settle. 

When  boiling  is  effected  as  above  described  there  remains 
in  the  kettle  but  a  very  small  quantity  of  paste  which,  when 
boiled  with  some  olein  or  bone  fat  and  then  salted  out,  gives 
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very  little  spent  lye.  The  more  viscid  and  firmer  such  paste 
precipitate  is — which  is  attained  by  avoiding  salt  as  much  as 
possible  and  not  fitting  excessively  sharp— the  more  can  good 
settling  in  the  frames  be  counted  on.  Such  paste  precipitate 
can,  when  cold,  be  drawn  like  leather  from  the  grained  soap 
in  it,  the  latter  being  pure  and  salable  to  close  above  the  paste. 

Soap  boiled  according  to  the  above  described  process  will 
never  show  froth,  as  the  formation  of  the  latter  is  from  the 
start  prevented  by  the  use  of  lye  of  suflBcient  strength.  Hence 
it  is  far  more  expedient  to  be  obliged  to  add  some  water  or 
weak  lye  towards  the  end  of  the  boiling  than  to  be  forced  to 
evaporate  perhaps  for  hours,  which  moreover  does  not  always 
prevent  the  formation  of  froth.  This  method  offers  the  further 
advantage  of  not  having  to  drag  large  quantities  of  paste- 
precipitate  from  one  boiling  to  the  other  as  is  so  frequently 
the  case  even  in  factories  manufacturing  every  week  large 
quantities  of  these  soaps.  Besides  large  boilings  can  be  fault- 
lessly finished  in  a  comparatively  short  time  over  an  open  fire 
without  the  use  of  steam. 

All  soaps  boiled  from  stock  the  greater  portion  of  which 
consists  of  palm-kernel  oil,  have  a  tough,  but  fine  and  lustrous 
formation  of  grain-fiber  and  can  only"  be  cut  by  a  well-con- 
structed slabber,  such  a  machine  being  indispensable  when 
working  on  a  large  scale. 

The  yield,  inclusive  of  the  grained  soap  recovered  from  the 
precipitate  and  counting  the  rosin  as  fat,  is  about  150  per 
cent.,  which  might  be  somewhat  increased  by  the  use  of  larger 
proportions  of  tallow,  palm  oil,  or  good  qualities  of  lardaceous 
fats  in  the  stock,  while  it  might  turn  out  somewhat  less  with 
the  use  of  a  greater  proportion  of  fluid  vegetable  fats  such  as 
linseed  or  cotton-seed  oil. 

Besides  the  use  of  a  larger  proportion  of  linseed  and  cotton- 
seed oils  in  the  stock  for  Oranienburg  soap  is  not  without 
influence  upon  the  boiling  and  turning  out  of  the  soap.  If, 
for  instance,  only  palm-kernel  oil  perhaps  75  per  cent,  and 
cotton-seed  oil  25  per  cent.,  or  the  same  quantity  of  linseed 
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oil  are  used  for  stock,  the  soap,  with  the  same  strength  of  lye, 
boils  much  thinner  and  has  to  be  evaporated,  or  somewhat 
stronger  lye  has  to  be  used  in  finishing.  Nevertheless  there 
remains  a  larger  paste-precipitate,  the  soap  turns  out  some- 
what softer  and  remains  so  even  when  well  dried.  Linseed 
oil  is  especially  sensitive  to  brine  or  an  excess  of  lye,  a  lye- 
bottom  instead  of  a  paste-bottom  being  in  consequence  fre- 
quently formed  in  the  frame,  and  wet  spots  in  the  soap. 

Rosined  grained  soaps, — This  term  is  frequently  applied  to 
soaps  which  are  prepared  in  the  same  manner  as  Oranienbprg 
soap,  but  contain  more  rosin — up  to  30  per  cent. — and  are 
colored  red  with  crude  palm  oil.  Darker  rosin  may  also  be 
used  for  them.  As  a  rule,  or  at  least  in  many  cases,  these 
soaps  are  considered  as  objects  which  allow  of  the  utilization 
of  darker  fats — perhaps  foots  of  better  quality — as  well  as 
the  paste-bottoms  of  Oranienburg  soap  and  other  soap  of  a 
darker  color,  as  much  is  covered  by  the  color  of  the  palm  oil. 
It  is  however  advisable  not  to  go  too  far  with  the  use  of  such 
waste  and  scrap,  as  the  consumer  demands  the  color  to  be  as 
pale  and  pure  red  as  possible.  Hence  these  soaps  are  found 
in  commerce  of  the  palest  yellow  to  the  deepest  red-brown 
color,  and  corresponding  prices  are  paid  lor  them.  Generally 
speaking,  it  is  easier  to  obtain  better  prices  for  Oranienburg 
as  well  as  rosined  grained  soaps  of  a  light  color,  than  to  dis- 
pose of  the  darker  qualities  of  both  kinds  at  a  lower  price. 
The  boiling  6f  rosin  grained  soaps  is  entirely  analogous  to 
that  of  Oranienburg  soap.  However,  on  account  of  their 
greater  content  of  rosin,  more  of  such  fats  which  yield  firmer 
soaps,  such  as  tallow  of  inferior  quality,  palm-kernel  oil,  bone 
fats  of  firmer  consistency,  are  used  for  their  preparation.  The 
coloration  of  the  soap  is  effected  with  5  to  15  per  cent,  of  palm 
oil  of  the  stock  used.  It  is  not  advisable  to  use  a  larger 
quantity,  as  otherwise  in  using  the  soap,  the  wash  might  be- 
come colored. 

Filling  grained  soaps. — As  regards  grained  soaps,  a  larger 
yield  is,  as  is  well  known,  obtained  by  grinding,  the  soaps 
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absorbing  water  during  this  operation.  The  content  of  water 
thus  incorporated  should,  however/not  exceed  a  certain  limit, 
as  otherwise  the  soap  becomes  too  pasty  and  soft. 

The  yield  of  grained  soaps  and  rosined  grained  soaps,  espe- 
cially those  boiled  clear  upon  spent  lye,  is  frequently  consid- 
erably increased  by  crutching  in  various  substitutes  or,  as  it  is 
technically  called,  by  filling. 

For  such  an  artificial  increase  in  yield,  materials  must,  of 
course,  be  selected  which  do  not  injure  the  appearance  of  the 
soap  to  a  great  extent  and  do  not  dry  too  quickly.  As  especi- 
ally suitable  filling  materials,  silicate  of  soda,  soda  solution, 
and  talc  are  recommended  ;  they  are  generally  used  by  them- 
selves or  in  connection  with  each  other.  Silicate  of  soda  used 
by  itself  for  filling  gives  to  soap  in  a  fresh  state  a  good  appear- 
ance and  protects  it  from  drying  out  too  rapidly ;  however, 
when  the  soap  is  thoroughly  dried  out  it  is  unsightly  and  be- 
comes stone-hard.  If  silicate  of  soda  is  to  be  used,  it  is  best  to 
employ  a  solution  of  it  of  24°  to  28°  B.,  prepared  by  diluting 
silicate  of  soda  of  33°  B.  with  soda  or  potash  lye  of  2°  B.  On 
the  other  hand,  grained  soap  filled  with  soda  solution  alone 
dries  out  very  much,  while  talc,  well  distributed,  protects  it 
from  drying  out  too  strongly  and  becoming  hard,  but  imparts 
to  it  a  duller  appearance.  When  used  together  these  materials 
act  supplementary  to  each  other,  and  an  excellent  filling  com- 
position suitable  for  most  grained  soaps  is  prepared  by  stirring 
200  pounds  of  talc  into  300  pounds  of  boiling  water,  then 
adding  60  pounds  of  crystal  soda  and  gradually  crutching  in 
280  pounds  of  silicate  of  soda. 

For  the  preparation  of  grained  soaps  which  are  to  be  filled 
it  is  best  to  use  fats  rich  in  stearin,  such  as  tallow,  palm  oil, 
fatty  acid,  etc.  The  fats  are,  as  previously  described,  firet 
formed  into  paste  with  suitable  lyes,  and  then  evaporated  to  a 
stiff  grain  free  from  froth,  which  is  thoroughly  ground  with 
water.  Previous  thorough  saponification  of  the  fats  used  is 
absolutely  necessary,  as  the  soap,  if  it  shows  any  defect,  can 
be  filled  only  slightly  or  not  at  all.     When  the  grain  is  suffi- 
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ciently  grouDd  and  dissolved  and  shows  good  pressure  while 
the  spent  lye  remains  clear,  the  kettle  is  covered  and  allowed 
to  stand  for  some  time  for  settling.  When  the  soap  has  cooled 
down  to  between  167®  and  170°  F.  all  the  spent  lye  is  re- 
moved, and  from  30  to  40  lbs.  of  the  above  filling  material 
for  every  100  lbs.  of  fat  used  are  crutched  into  the  soap.  As^^ 
the  soap  to  be  filled  does  not  always  turn  out  alike,  and  there- 
fore will  hold  more  or  less  filling  material,  it  is  advisable,  so 
as  not  to  endanger  an  entir.e  boiling,  first  to  test  the  holding 
capacity  with  small  quantities  of  soap. 

Good  results  in  filling  can  only  be  obtained  by  great  care 
and  experience.  Many  soaps  fill  more  readily  and  better  if 
the  filling  material  is  used  warm,  while  others  better  absorb 
cold  filling.  The  warm  filling  more  frequently  tears  the  soap 
asunder,  while  the  cold  filling  is  well  absorbed.  After  the 
filling  has  been  crutched  in,  the  soap  should  be  thick  and 
bright.  The  operation  of  filling  itself  may  be  executed  in  the 
kettle  after  the  spent  lye  has  been  removed,  or  in  a  suitable 
vessel. 

In  the  same  manner  as  grained  soaps  from  tallow  and  palm 
oil,  rosined  grained  soaps  with  30  per  cent,  rosin  can  also  be 
filled  by  crutching  in  about  30  per  cent,  filling  material. 

The  filled  soaps  are  ladled  into  smaller  frames  and,  when 
cold,  cut  and  dried  for  some  time,  whereby  they  gain  con- 
siderably in  firmness.  They  are  then  generally  cut  into 
square  cakes,  pressed,  and  brought  into  commerce. 

Finally  the  filling  of  settled  grained  soaps  with  or  without 
the  addition  of  rosin  may  be  mentioned.  Soaps  prepared  from 
palm-kernel  or  cocoanut  oil  absorb  but  little  filling  material, 
but  more  of  it  can  be  incorporated  if  a  larger  per  cent,  of  tallow 
or  palm  oil  has  been  used  for  stock.  The  main  point  is  that 
the  soaps  to  be  filled  lie  pure  and  bright  in  the  kettle,  show 
no  lye-sharpness  and  are  sufficiently  firm.  The  soap  is  allowed 
to  stand  about  24  to  36  hours  in  the  covered  kettle  to  settle, 
and  is  then  brought  into  the  frame,  leaving  only  room  for  the 
filling  material,  the  latter  being  crutched  in  after  a  test  has 
been  made  with  a  smaller  quantity  of  the  soap. 
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For  filling  settled  grained  soaps  the  above-mentioned  filling 
of  silicate  of  soda,  soda  solution  and  tale  may  be  used,  or  one 
prepared  by  dissolving  1  part  crystal  soda  in  2  to  3  parts  sili- 
cate of  soda  of  38°  B.  Silicate  of  soda  reduced  to  28°  B.  with 
lye  of  20°  B.  may  also  be  used,  as  well  as  a  composition  of  103 
parts  silicate  of  soda,  19  parts  soda  lye  of  22°  B.,  2  parts  potash 
lye  of  10°  B.,  7  parts  potassium  chloride  and  5  parts  crystal 
soda.  Of  the  latter  filling  about  10  to  15  pounds  for  every 
100  pounds  of  soap  in  the  frame  may  be  crutched  in.  It  is 
always  advisable  to  make  a  preliminary  test  so  that  if  the  sil- 
icate of  soda  should,  contrary  to  expectation,  crystallize,  some 
lye  of  38°  B.  may  be  added  till  the  soap  remains  smooth  after 
the  filling  has  been  added.  When  this  has  been  ascertained 
the  soap  in  the  frame  is  filled. 

Another  filling  material  is  prepared  by  dissolving  equal 
parts  of  potash,  soda  ash  and  common  salt  in  water  so  that  the 
solution  shows  a  density  of  24°  B.  Before  use  the  solution 
should  be  heated  to  about  176°  F.  As  an  especially  good 
filling  material  may  be  mentioned  the  so-called  caustic  silicate 
of  soda.  It  is  prepared  from  100  parts  silicate  of  soda,  12^ 
parts  caustic  soda  lye  of  40°  B.,  and  50  parts  fresh  lime-water 
(from  1  part  lime  and  5  parts  water);  the  mixture  is  evapo- 
rated to  a  density  of  45°  B. 

Eachweg  soap. — The  product  known  under  this  name  may  be 
classed  as  a  semi-grained  soap.  It  is  still  demanded  by  con- 
sumers in  many  localities  with  large  mottle  in  a  clear  white 
ground  and  at  the  same  time  firm.  Where  no  steam  is  avail- 
able and  fire  only  is  used,  or  where  the  soap  is  brought  to  a 
boil  with  steam  and  finished  with  an  open  fire,  the  direct  as 
well  as  indirect  process  of  boiling  is  employed.  Where  steam 
is  used  or  the  soap  is  prepared  from  fatty  acids  by  carbonate- 
saponification,  the  direct  process  of  boiling  is  as  a  rule  used. 

Regarding  the  composition  of  soap-stock  for  Eschweg  soap^ 
it  is  best  to  have  it  consist  of  one-half  palm-kernel  oil  and 
one-half  animal  fat  or  hard  vegetable  fat,  such  as  bleached 
palm  oil.     If  cocoanut  oil  is  available,  30  per  cent,  of  it 
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together  with  70  per  cent,  of  fats  contaiuing  stearin  suffices. 
In  case  palm-kernel  oil  is  very  dear,  good  soap  may  also  be 
produced  with  35  per  cent,  palm-kernel  oil  and  66  per  cenL 
animal  fats.  Cotton  seed  or  similar  oil  may  also  be  used,  but 
it  should  never  exceed  20  per  cent,  of  the  stock.  Hence  the 
fats  generally  used  for  this  kind  of  soap  are  :  Palm-kernel  oil, 
cheap  cocoanut  oil,  tallow,  bone  fat,  horse  fat,  lardaceous  fats, 
further  bleached  palm  oil,  peanut  oil  and  cotton-seed  oil ;  the 
best  stock,  however,  is  as  alreadj^  mentioned,  half  palm-kernel 
oil  and  half  tallowy  fats. 

If  cotton-seed  oil  forms  part  of  the  stock  without  or  very 
little  animal  fat  or  bleached  palm  oil,  great  care  has  to  be 
exercised  as  cotton-seed  oil  soaps  frequently  make  a  great  deal 
of  trouble.  Even  if  such  soap  was  fine  in  boiling  and  lies 
faultlessly  finished  in  the  kettle,  it  may  happen  that  in  fram- 
ing it,  the  mottle  settles  because  the  soap  was  still  too  hot. 
For  this  reason  these  soaps  must  be  framed  the  colder  the 
larger  the  frames  are.  .  It  is  advisable  to  always  let  them 
stand  over  night  in  the  kettle,  crutching  them  the  next  morn- 
ing and  then  bringing  them  into  the  frames.  Palm-kernel 
and  cotton-seed  oils,  as  well  as  old  yellowish  palm  oils  used 
for  this  purpose,  and  similar  vegetable  fats  always  keep  the 
soap  fluid  for  too  long  a  time  ancl  the  settling  of  the  mottle 
later  on  is  in  consequence  of  it.  When  used  for  Eschweg 
soap  cotton-seed  oil  always  gives  a  smaller  yield  than  animal 
fats,  and  even  when  it  is  cheap  the  profit  is  not  so  large  as  is 
sometimes  supposed.  Other  fluid  fats,  such  as  olein,  also  give 
liquid  soaps  in  which  the  mottle  readily  settles.  Hence  when 
such  fluid  fats  are  used  as  part  of  the  stock,  a  perfect  product 
can  only  be  obtained  by  exercising  great  care. 

It  is  generally  supposed  that  the  better  qualities  of  soap 
which  are  firm  when  cut  and  are  at  once  salable,  as  well  as 
show  a  beautiful  large  mottle  and  a  sufficiently  uniform  white 
ground,  are  prepared  from  better  grades  of  fat  than  inferior 
qualities.  The  manufacturers  of  the  latter  often  claim  that 
their  competitors  work  a  good  grade  of  tallow  while  they  pro- 
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fess  to  use  only  bone  fat  and  horse  fat.  This  is  however 
merely  talk  and  amounts  to  nothing.  If  besides  palm-kernel 
oil  pure  bone  fats  of  a  lighter  color  are  available  and  the 
operation  is  properly  conducted  by  not  evaporating  the  soap 
too  strongly,  fitting  it  moderately  and  shortening  it  suffi- 
ciently, a  product  perfect  in  every  respect  can  be  obtained. 

The  formation  of  the  mottle  and  the  white  ground  serve,  as 
previously  mentioned,  for  the  standard  of  the  quality  of  Esch- 
weg  soap.  The  formation  of  the  flux  in  the  soap  depends  on 
the  chemical  composition  of  the  fats,  those  which  come  here 
into  question  containing  stearin  and  olein  in  varying  propor- 
tions. When  the  soap  has  been  properly  made  and  the  frame 
is  covered,  the  firm  stearin-soap  crystallizes  from  the  more 
fluid  olein  soap  and  thus  the  mottle  appears  when  the  soap, 
after  cooling,  is  cut.  The  colored  mottle  is  formed  by  the 
coloring  matter  passing  into  the  more  liquid  olein  soap.  For 
the  production  of  Eschweg  soap  with  beautiful  mottle  and 
white  ground,  which  is  at  once  salable,  the  working  of  suit- 
able fats  and  the  choice  of  a  proper  method  of  boiling  are  not 
sufficient,  the  correct  proportion  of  causticity  of  the  soap  also 
being  a  requisite  for  success ;  this  will  be  referred  to  later  on. 

The  question  by  which  method  of  boiling — direct  or  indi- 
rect— a  larger  yield  is  obtained,  cannot  be  answered  ofl*  hand. 
Each  method  has  its  good  points,  the  stock  of  fat  used  being 
also  a  factor.  The  skilled  soap  boiler  will  in  any  case  obtain 
the  same  yield  with  either  method,  the  differences  rather 
depending  on  contingencies. 

If  the  soap-stock  contains  a  larger  percentage  of  tallowy  fats 
besides  palm-kernel  oil,  some  soap  boilers,  prefer  indirect  boil- 
ing, although  it  may  be  doubted  that  a  larger  yield  is  obtained. 
If  on  the  other  hand,  the  soap-stock  contains  much  palm- 
kernel  oil  and  cotton-seed  oil  and  but  little  animal  fat,  most 
soap  boilers  prefer  direct  boiling,  some  of  them  claiming  to 
have  noticed  that  directly  boiled  soap  has  a  better  feel.  The 
truth  of  the  matter  appears  to  be  that  the  question  of  boiling 
is  largely  a  matter  of  usage,. each  method  giving  about  the 
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same  yield.  However,  for  rapid  work,  the  direct  method  will 
have  to  be  adopted,  provided  the  fats  used  are  clean.  Dirty 
fats  have  to  be  preparatively  boiled  or  previously  purified. 

For  the  preparation  of  Eschweg  soap  with  the  use  of  steam 
only,  considerable  experience  is  required  to  recognize  the 
correct  content  of  water  and  proper  shortening  of  the  soap. 
Still  more  attention  and  experience  are  required  for  the  prep- 
aration of  Eschweg  soap  with  fine  mottle  and  clear  ground 
from  fatty  acid  by  carbonate-saponification. 

Regarding  the  augmentation  of  Eschweg  soaps  it  must  first 
of  all  be  mentioned  that  these  soaps  cannot  be  made  with 
caustic  soda  lye  alone,  and  hence  it  is  impossible  to  draw  a 
strict  line  as  to  where  necessary  additions  stop  and  artificial 
augmentation  commences.  Every  kind  of  Eschweg  soap  re- 
quires for  its  formation  certain  salts,  either  alkaline  carbonates 
or  silicates,  or  alkaline  chlorides.  An  addition  of  silicate  of 
soda  can  therefore  be  scarcel}'  called  an  artificial  augmenta- 
tion, because  by  reason  of  the  quantity  of  it  absorbed  by  the 
soap,  the  latter  will  on  an  average  require  a  smaller  amount 
of  other  shortening  agents. 

A  soap  boiled  chiefly  from  palm-kernel  oil  with  perhaps  a 
small  quantity  of  cottonseed  oil  or  other  fluid  or  semi-fluid  fats 
will  only  absorb  an  appreciable  addition  of  silicate  of  soda  with 
the  use  of  very  pure  caustic  lye,  but  a  considerable  quantity 
of  other  lighter  salts,  for  instance,  soda  and  potash.  In  con- 
sequence of  this,  with  the  use  of  the  same  stock  of  fat,  such  a 
soap  treated  with  silicate  of  soda  will  give  a  smaller  yield  and 
present  a  poorer  appearance  than  one  shortened  with  other 
salts.  The  best  results  will  always  be  obtained  by  taking  part 
silicate  of  soda  and  using  other  salts  for  further  shortening  or 
filling.  The  reason  for  this  lies  in  the  nature  of  the  soaps 
from  these  lean  fats.  They  are  too  thin  and  cannot  absorb 
such  heavy  additions  without  disturbing  effect  upon  the  for- 
mation of  the  mottle. 

When  fats  containing  stearin,  bone  fat,  etc.,  are  used,  the 
treatment  with  silicate  of  soda  is  far  less  difiicult,  and  in  this 
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case  it  may  even  become  a  question  of  filling.  With  a  soap- 
stock  consisting  of  one-half  palm-kernel  oil  and  one-half  bone 
fat  or  other  tallowy  fat,  filling  with  silicate  of  soda  ap  to  20 
per  cent.,  presents  no  difl&culty  whatever  to  the  skilled  soap- 
boiler, and  he  will  still  always  have  occasion  toeflfect  complete 
shortening  with  other  salts,  such  as  soda,  potash  or  common 
salt  solution.  A  few  per  cent,  of  talc  may  also  be  used  without 
impeding  the  formation  of  the  mottle.  With  the  use  of  tallow 
in  the  above-mentioned  soap-stock  still  more  silicate  of  soda 
can  easily  be  used  for  filling. 

Soap  moderately  filled  with  silicate  of  soda  has  the  advantage 
over  one  not  thus  treated  of  better  retaining  a  smooth,  pleasing 
exterior  and  possessing  a  better  feel.  If,  however,  too  much 
silicate  of  soda  has  been  used  the  soap,  when  stored  for  some 
time,  becomes  hard  as  stone  and  presents  a  bad  appearance. 

Eschtoeg  map  by  the  indirect  way, — The  various  methods  of 
boiling  Eschweg  soap  will  here  be  described,  but  it  must  be 
borne  in  mind  that  it  is  impossible  to  give  in  a  book  such  ex- 
plicit directions  as  will  be  applicable  to  every  case  in  practice. 
For  the  better  understanding,  a  soap-stock  will  be  given  as  an 
example,  and  the  boiling  of  Eschweg  soap  by  the  indirect  way 
first  described. 

Stock:  Palm-kernel  oil,  1000  pounds ;  bone  fat,  600  pounds  ; 
horse  fat,  500  pounds ;  caustic  soda  lye  of  26®  B.,  2000  pounds ; 
silicate  of  soda,  400  pounds. 

For  the  conversion  of  the  tallowy  fats  into  grained  soap, 
pure  caustic  soda  lye  of  18°  to  25°  B.  is  used.  Bring  the 
horse  fat  and  bone  fat  into  the  kettle.  For  their  saponification 
about  1000  pounds  of  caustic  soda  lye  of  25°  B.  are  required. 
To  bring  about  rapid  combination  bring  into  the  kettle  to- 
gether with  the  fat  400  pounds  of  lye  and  600  pounds  of  water, 

start  the  fire  or  boil  with  direct  steam  till  combination  has 

• 

been  effected.  When  ^uch  is  the  case  add  gradually,  keeping 
the  mass  constantly  boiling,  the  rest  of  the  lye  and  eventually 
300  to  400  pounds  of  water  until  a  clear,  well-fitted  paste  boils 
thoroughly  combined  in  the  kettle.     Continue  boiling  for  half 
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an  hour  longer,  and  if  the  faint  biting  sensation  produced 
upon  the  tongue  by  a  sample  remains  unabated,  one  may  be 
sure  that  all  the  fat  has  been  thoroughly  saponified  and  the 
paste  can  be  salted  out  with  about  7  to  8  per  cent,  of  common 
salt  until  the  lye  runs  off  clear,  and  a  fine,  smooth  grain  boils 
lightly  high  in  the  kettle,  this  being  the  best  indication  of  the 
spent  lye  settling  well  and  readily.  If  too  much  salt  has  been 
used  and  a  distended  grain  remains  in  the  kettle,  the  spent 
lye  settles  badly  and  disturbances  readily  occur  later  on  in 
boiling  to  a  finish.  The  kettle  is  then  covered  and  allowed  to 
stand,  best  over  night,  for  the  spent  lye  to  settle. 

m 

In  the  meanwhile  scrap  is  m.elted  in  another  kettle  upon 
1000  pounds  of  caustic  soda  lye  of  25®  B.,  which  are  required 
for  the  saponification  of  the  1000  pounds  of  palm-kernel  oil 
and  the  20  per  cent,  of  silicate  of  soda  is  added.  From  the 
1000  pounds  of  animal  fats  boiled  to  grain  about  1600  pounds 
of  moist  grain  are  obtained.  In  order  to  here  obtain  also  200 
per  cent,  yield,  400  pounds  of  water  have  to  be  added  to  this 
grain.  Now  add  900  pounds  of  the  1000  pounds  of  palm- 
kernel  oil,  keeping  the  remaining  100  pounds  for  fitting  next 
day,  cover  the  kettle  and  let  it  stand  till  the  next  day. 

The  fire  is  then  started,  and  when  the  mass  boils  the  grain 
is  introduced.  Combination  is  effected  by  means  of  the  crutch 
and  eventually  with  some  direct  steam,  the  latter  being  shut 
off  when  combination  is  complete.  When  the  combined  soap 
is  thoroughly  boiled  through,  it  will  boil,  well  and  thick,  high 
in  the  kettle.  Fitting  has  to  be  controlled  and  a  faint  biting 
sensation  should  be  perceptible  whien  a  sample  is  tested  with 
the  tongue.  If  the  soap  is  found  too  strong  it  is  fitted,  as  above 
stated,  with  the  remaining  palm-kernel  oil.  The  solution  of 
coloring  matter  is  now  added  and  when  this  has  been  incor- 
porated by  boiling,  the  soap  is  somewhat  more  shortened  with 
brine  of  24°  B.,  a  few  per  cent,  being,  a^  a  rule,  still  required. 
This  boiling  to  a  finish  is  executed  as  follows :  When  fitting 
with  the  palm-kernel  oil  held  in  reserve  is  properly  done  and 
the  solution  of  coloring  matter  incorporated,  it  can  be  readily 
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judged  whether  the  soap  has  the  right  proportion  of  causticity  ; 
if  the  soap  easily  boils  high,  is  bright  and  breaks  into  roses 
over  the  entire  surface  of  the  kettle,  it  may  be  assumed  that 
the  correct  quantity  of  alkali  has  been  used.  The  soap  may 
be  considered  finished  when  samples  taken  from  the  kettle  lie 
without  bubbles/knd  pieces  the  size  of  a  dollar  for  five  minutes 
remain  in  the  center  so  soft  that  on  pressing  with  the  finger 
liquid  soap  still  exudes.  In  this  case  the  content  of  water  is 
also  correct,  which  may  also  be  determined  by  the  pressure- 
test  with  the  finger,  the  soap  not  becoming  directly  hard  like 
grained  soap,  but  only  gradually  so.  The  soap  should  fall 
short  from  the  paddle  and  form  sliort  curved  points  which  be- 
come immediately  cold,  [f,  on  the  other  hand,  the  soap  is  still 
viscid  and  leathery,  it  is  yet  too  caustic  and  has  to  be  care- 
fully shortened  with  brine  till  it  shows  the  above-mentioned 
indications  of  being  finished. 

Eachweg  soap  by  the  direct  way.  The  preparation  of  Eschweg 
soap  is  much  simplified  by  direct  boiling,  this  method  being 
actually  much  easier  than  the  indirect  process.  By  taking  the 
previously-mentioned  soap-stock  as  a  basis  or  using  somewhat 
more  palm-kernel  oil  or  in  addition  some  cottonseed  oil,  the 
process  remains  the  same. 

Suppose,  for  instance,  the  stock  consists  of,  palm-kernel  oil 
1000  pounds,  bone  fat  600  pounds,  bleached  palm  oil  200 
pounds,  cottonseed  oil  200  pounds,  caustic  soda  lye  of  25°  B, 
2000  pounds,  silicate  of  soda  400  pounds.  Boiling  is  executed 
as  follows :  The  scrap  is  melted  upon  the  2000  pounds  of  lye, 
the  silicate  of  soda  is  then  added,  and  the  whole  then  allowed 
to  boil  thoroughly.  The  stock  of  fat  may  be  added  in  pieces, 
which  melt  in  the  hot  soap,  but  it  is  better  to  introduce  it  in 
a  liquid  state.  When  all  the  fats  with  the  exception  of  100 
pounds  of  palm-kernel  oil,  which  are  retained  for  fitting  later 
on,  are  in  the  kettle,  the  mass  is  combined  by  crutching  and 
with  a  moderate  fire,  the  latter  being  increased  only  when  a 
quite  uniform  soap  has  been  formed.  Fitting  is  also  efi^ected 
with  the  palm-kernel  oil  kept  in  reserve  so  that  a  moderately 
19 
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biting  sensation  is  perceptible  wben  a  sample  is  tested  with  the 
tongue.  The  soap  is  then  colored,  boiled  free  from  froth  and 
shortened  in  the  same  manner  as  previously  described  for  the 
indirect  process. 

The  use  of  a  large  percentage  of  cottonseed  oil,  or  of  only 
palm-kernel  oil  and  cottonseed  oil,  for  instance,  70  per  cent, 
palm-kernel  oil  and  30  per  cent,  cottonseed  oil,  renders  the 
preparation  of  Eschweg  soap  extremely  diflBcult,  not  the  boil- 
ing itself,  but  the  finishing.  It  is  best  to  fill  such  soap  not  at 
all  with  silicate  of  soda,  or  at  the  utmost  with  only  5  per  cent. 
Generally  speaking,  this  soap  will  not  stand  strong  shortening 
agents,  it  being  best  to  use  brine  of  15°  to  18°  B.  or  soda  solu- 
tion. It  is  advisable  to  allow  the  soap  to  cool  over  night  and 
then  to  crutch  it  before  bringing  it  into  the  frame;  it  is  also 
well  to  cover  the  frame,  especially  if  large. 

Boiling  Eschweg  soap  with  steam. — This  process  requires  con- 
siderable experience  and  everything  has  to  be  carefully  adjusted 
so  that,  when  the  soap  is  boiled  together,  not  many  corrections 
have  to  be  made.  The  operation  of  boiling  so  as  to  obtain  a 
yield  of  210  to  220  per  cent,  will  be  described  below.  The 
following  soap-stock  may  sers^e  as  an  example :  Palm-kernel 
oil,  1000  pounds;  tallowy  fats,  1000  pounds ;  caustic  soda  lye 
of  30°  B.,  1600  pounds  ;  silicate  of  soda,  400  pounds  ;  brine  of 
24°  B.,  120  pounds. 

The  scrap  is  melted  by  steam  upon  the  1600  lbs.  of  lye  of 
30^  B.,  and  the  stock  of  fat  previously  melted  is  immediately 
added,  retaining,  however,  100  lbs.  of  palm-kernel  oil  for  fit- 
ting later  on.  It  is  also  advisable  to  bring  the  silicate  of  soda 
into  the  kettle  before  adding  the  fat.  Rapid  and  intimate 
combination  is  assisted  by  crutching  and  a  thick,  heavy  soap 
will  then  immediately  boil  up,  which  is  fitted  with  the  palm- 
kernel  oil  held  in  reserve  so  as  to  produce  a  faint  biting  sensa- 
tion upon  the  tongue.  Now  add  carefully  the  120  lbs.  of 
brine,  or  at  first  only  80  lbs.,  and  wait  until  it  has  been  in- 
corporated. Control  again  fitting,  content  of  water  and  short- 
ening.    With  a  soap  boiling  conformable  to  proportions  the 
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indications  of  its  being  finished  are  as  follows :  The  soap,  as 
previously  mentioned  should  produce  only  a  faint  biting  sen- 
sation upon  the  tongue.  The  content  of  water  of  the  soap  is 
noticed  on  the  lower  surface  of  a  cold  sample  on  a  glass  plate ; 
if  near  the  edge  of  the  lower  surface  of  the  sample  white  stains 
have  been  formed,  the  content  of  water  is  correct.  If,  on  the 
other  hand,  the  entire  surface  is  covered  with  white  stains  the 
soap  is  low  in  water  and  some  water  may  be  added.  How- 
ever, this  does  never  happen  if  the  directions  given  for  boiling 
have  been  followed,  since  during  this  process  about  10  per 
cent,  of  water  passes  with  the  steam  into  the  soap,  and  in  most 
every  case  a  yield  of  at  least  215  per  cent.,  and  generally 
somewhat  more,  is  obtained.  The  content  of  water  may  also 
be  correctly  judged,  after  properly  fitting,  by  the  pressure-test 
with  the  finger;  the  soap  should  only  gradually  stand  a  firm 
pressure.  The  proper  content  of  water  is  also  indicated  by 
the  soap  boiling  thick  and  woolly.  The  proper  proportion  of 
causticity  is  shown  by  allowing  a  sample  the  size  of  a  dollar 
to  lie  for  five  to  six  minutes  upon  a  glass  plate  and  then  press- 
ing it  in  the  center  with  the  finger  when  liquid  soap  should 
still  exude.  If  the  soap  cools  more  rapidly  some  brine  is 
wanting.  From  what  has  been  said  it  will  be  seen  that  the 
whole  operation  has  to  be  finished  as  rapidly  as  possible  so 
that  not  too  much  water  gets  into  the  soap.  The  steam  is 
finally  shut  oflf  and  after  about  two  hours  the  soap  is  brought 
into  the  frame. 

Coloring  Eschweg  soap.  The  coloring  matters  generally 
used  are  :  For  grey :  Frankfort  black  or  animal  charcoal  dust ; 
for  red :  bole  or  ferric  oxide ;  for  blue :  ultramarine  by  itself  or 
mixed  with  Frankfort  black.  The  coloring  matter  is  stirred 
in  water,  some  lye  is  added  and  the  finished  soap  while  boil- 
ing is  colored  with  it  until  the  tone  of  color  shows  itself 
plainly. 


CHAPTER  XII. 

Hard  Soaps  (Continued). 

ii.  paste  soaps. 

The  term  paste-soap  is  frequently  applied  to  such  bar  soaps 
as  can  be  produced  with  a  higher  yield  than  grained  soaps. 
However,  products  with-  a  yield  of  150  to  260  per  cent,  are 
generally  called  semi-grained  soaps,  to  indicate  that  they  pos- 
sess a  larger  content  of  fat,  and  the  mode  of  their  preparation 
also  gives  rise  to  this  designation  because,  by  being  more 
crutched  together,  an  appearance  more  resembling  that  of 
grained  soap  is  attained. 

There  is  in  some  localities  considerable  demand  for  paste- 
soaps  for  household  purposes,  and  their  manufacture  forms  a 
remunerative  branch  of  the  soap  industry.  In  fact,  a  soap 
factory,  whether  large  or  small,  that  does  not  make  such 
soaps  where  there  is  a  market  for  them,  stands  in  its  own 
light.  Buyers  will  always  be  ready  for  them,  because  for 
ordinary  uses  they  possess  everything  appreciated  in  a  soap — 
they  present  a  good  appearance,  lather  readily,  and  are  cheap. 
Even  soaps  with  250  to  400  per  cent,  yield  are  of  fairly  good 
quality,  and  cannot  be  called  fraudulent  because  the  filling 
incorporated  with  them  partially  possesses  good  detergent 
power. 

The  percentage  of  yield  in  the  manufacture  of  these  soaps 
varies  very  much,  and  the  fact  that  some  of  them  turn  out 
unsalable  is  frequently  owing  to  the  disregard  of  the  limit. 
There  are  certain  conditions  for  the  diflFerent  yields  which 
have  to  be  observed  and  taken  into  account.  If,  for  instance, 
it  is  calculated  from  the  outset  that  at  prevailing  prices  a 
yield  of  300  per  cent,  of  any  kind  of  paste  soap  will  pay,  the 
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stock  of  fat  and  the  lye  will  be  nearly  the  same  as  for  boiled 
semi-grained  soap.  If,  however,  in  the  process  of  manu- 
facture, too  much  lye  should  be  added  at  the  start,  the  result- 
ing soap  would  be  defective.  It  would  be  too  sharp,  inclined 
to  efiSorescence,  and  dry  out,  because  it  lacks  firm  combina- 
tion. If  the  defect  to  which  excessive  sharpness  is  due  is  de- 
tected before  the  soap  is  brought  into  the  frame,  it  can  be 
removed  and  compensated  by  the  addition  of  fat.  Water  or 
aqueous  common  salt  solution  must  of  course  also  be  added  to 
prevent  the  soap  from  becoming  poor  in  water.  Paste  soap 
poor  in  water  sets  out  a  frothy,  more  or  less  thick  grain,  and 
is  then  short.  In  such  a  case  water  has  to  be  crutched  in  to 
fix  the  liberated  salts. 

With  the  application  of  good  methods  the  manufacture  of 
paste  soaps  is  quite  easy,  but  difiScult  with  bad  methods. 
The  inexperienced  soap  boiler  frequently  uses  too  strong 
caustic  lyes  for  combination  and  in  consequence  of  this  no 
union  is  attained.  By  long-continued  firing  the  mass  some- 
times becomes  too  hot  and  is  frequently  brought  to  boiling 
whereby  water  constantly  evaporates  so  that  finally  union 
cannot  be  attained.  Paste  soaps  should  never  be  brought  to 
a  boil,  and  the  strength  of  the  saponifying  lyes  should  never 
exceed  35°  6.  Union  is  then  readily  attained  and  the  soap 
will  soon  be  finished.  Somewhat  stronger  lye  for  saponifica- 
tion can  only  be  used  for  silicate  of  soda  soaps  which  are 
made  from  cocoanut  oil.  This  has  not  been  taken  into  con- 
sideration in  some  directions  which  have  been  published  and, 
owing  to  this  omission,  complaints  are  made  that  the  methods 
recommended  are  bad  and  good  for  nothing. 

In  the  manufacture  of  paste  soaps,  as  well  as  of  every  other 
kind  of  soap,  allowance  has  to  be  made  for  the  contingency 
of  reducing  and  adding,  because  it  is  impossible  to  write 
directions  so  that  they  will  be  just  right  for  every  case.  This 
is  partly  due  to  the  caustic  lyes,  they  being  sometimes 
stronger  and  sometimes  weaker,  and  also  to  the  fact  that  the 
hydrometers  do  not  always  agree.     Every  trifle  changes  the 
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total  result,  and  for  this  reason  the  soap  boiler  should  be  able 
to  recognize  an  error  which  has  been  made,  and  know  how  to 
correct  it. 

In  the  hot  state,  paste  soaps  when  finished,  have  the  ap- 
pearance of  a  clear  paste  solution  and,  when  cold,  yield  a 
fairly  firm  product.  The  more  water  the  soap  contains  and 
consequently  the  larger  the  yield  is,  the  softer  the  product 
will  be.  In  crutching  a  somewhat  watery  froth  is  always 
formed  which,  however,  is  not  indicative  of  a  defective  soap. 
Froth  is  also  formed  in  pouring  the  soap  into  the  frame ;  this 
also  does  not  matter  as  it  generally  disappears.  At  a  temper- 
ature of  167°  F.  the  soap  purifies  itself  by  ejecting  all  foreign 
particles. 

According  to  their  appearance  paste  soaps  may  be  divided 
into  two  groups,  viz.,  smooth  and  mottled  soaps.  As  regards 
other  qualities  there  are  so  many  varieties  that  their  number 
cannot  even  be  approximately  determined.  The  differences 
depend,  on  the  one  hand,  on  the  yields  which  may  vary  from 
180  or  250,  up  to  1600  per  cent.,  and,  on  the  other,  on  the 
many  variations  in  color  and  shades. 

All  paste  soaps  can  be  prepared  in  the  direct  way  and,  in 
fact,  this  is  the  only  correct  method,  but  the  lyes  used  for 
saponification  must  not  be  too  strong.  The  lye  and  all  the 
ingredients  should  be  carefully  weighed  ;  this,  however,  is  not 
necessary  with  silicate  of  soda  soaps  when  caustic  lye  of  a 
higher  degree  than  is  absolutely  necessary  for  saponification 
is  used,  as  then  the  silicate  of  soda  does  not  settle  and  lumps 
are  not  formed.  When  the  soap  is  finished  the  excess  of  lye 
is  corrected  by  the  addition  of  cocoanut  oil.  It  is,  however, 
different  with  soaps  of  low  yield  which  to  some  extent  are  to 
resemble  grained  soap.  In  this  case  only  so  much  caustic 
soda  lye  has  to  be  used  as  is  required  for  the  saponification  of 
the  fats,  and  the  filling  agents  should  be  applied  in  as  concen- 
trated a  form  as  possible. 

Generally  speaking,  it  is  best  to  use  the  following  filling 
agents :  Carbonate  lyes,  silicate  of  soda,  and  brine,  the  manu- 
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facture  being  thereby  most  readily  effected.  Besides  the  men- 
tioned  salt  solutions,  flour  and  more  particularly  talc  are  also 
employed,  but  the  resulting  soap  presents,  as  a  rule,  a  dull  and 
dead  appearance.  Paste  soaps  are  cheap  products,  but  not- 
withstanding this  they  should  as  much  as  possible  replace 
better  qualities. 

Paste-soaps  vdth  a  yield  of  SSO  to  S60  per  cent  Paste  soaps 
with  a  yield  of  up  to  275  per  cent,  should  resemble  grained 
soap  and  their  manufacture  differs  from  those  with  larger 
yields.  If  the  product  is  to  be  an  imitation  of  grained  soap 
it  must  resemble  the  latter  in  its  chief  properties,  dry  out  but 
little  and  be  economical  in  use ;  this  depends  chiefly  on  the 
fats  and  the  filling  used. 

White  soap  with  a  yield  of  SSO  per  cent  Palm-kernel  oil  or 
cocoanut  oil  200  lbs.,  tallow  or  lardaceous  fat  40  lbs.,  caustic 
soda  lye  of  30°  B.  205  lbs.,  silicate  of  soda  66  lbs.,  water  10 
lbs.,  brine  of  24°  B.  9  lbs. 

Yellotu-white  soap  tuith  a  yield  of  ^50  per  cent  Palm-kernel 
oil  200  lbs.,  rosin  40  lbs.,  caustic  soda  lye  of  30**  B.  204  lbs., 
water  10  lbs.,  silicate  of  soda  65  lbs.,  brine  of  24°  B.  9  lbs. 

Yellow  soap  with  a  yield  of  S76  per  cent.  Palm-kernel  oil 
200  lbs.,  rosin  40  lbs.,  caustic  soda  of  30°  B.  204  lbs.,  water 
10  lbs.,  silicate  of  soda  110  lbs.,  brine  9  lbs. 

Bring  the  fat  or  the  fat  and  comminuted  rosin  into  the 
kettle,  start  the  fire,  and  melt  the  fat,  whilst  frequentlj' 
crutching,  without  taking  into  consideration  the  melting  of 
the  rosin.  When  the  temperature  is  about  167°  F.,  crutch 
in  about  two-thirds  of  the  lye  without,  however,  aiming  at 
combination.  Next  crutch  in  the  water  and  then  the  sili- 
cate of  soda,  if  there  is  any  scrap,  add  it  also,  subsequent 
combination  being  thereby  much  promoted.  If  no  scrap  is 
available,  cover  the  kettle  for  half  an  hour  and  keep  up  a 
moderate  fire.  Then  remove  the  cover  from  the  kettle,  in- 
crease the  fire,  and  commence  crutching  the  soap  together. 
The  fat  still  present  gradually  disappears  more  and  more,  and 
passes  into  combination,  until  finally,  with  further  crutching, 
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the  soap  reaches  a  stage  when  it  is  thought  that  complete 
combination  may  take  place  at  any  moment.  Now  withdraw 
the  fire  and  continue  crutching  until  complete  combination 

.  suddenly  takes  place.  Then  at  once  crutch  in  the  remainder 
of  the  lye  and  the  silicate  of  soda,  and  finally  the  brine,  which 
finishes  the  soap.  Small  corrections  may  now  be  made.  If 
the  soap  has  turned  out  right  there  will  be  in  the  kettle  a  fine 
dark  and  clear  paste,  which  should  produce  quite  a  biting 
sensation  upon  the  tongue  and  show  good  pressure  under  the 
finger.     Soap  too  strong   produces  a  very  biting  sensation 

.  upon  the  tongue  and  is  glass-hard  when  pressed  with  the 
finger;  soap  too  weak,  besides  being  quite  viscid,  produces 
only  a  very  faint  biting  sensation  upon  the  tongue  or  none  at 
all,  and  shows  but  little  pressure  under  the  finger.  .  In  the 
first  case  crutch  in  some  oil,  and  in  the  other  some  }ye.  If 
the  ingredients  have  been  accurately  weighed  out  the  soap 
will,  as  a  rule,  be  right  and  only  trifling  corrections  be  found 
necessary.  The  soap  is  frequently  crutched  and  brought  as 
cold  as  possible  into  frames  holding  from  two  hundred  to 
twelve  hundred  pounds,  in  which  it  is  also  frequently 
crutched.  The  smaller  the  frames  the  finer  the  soap  will  be, 
because  mottle  will  be  formed  in  larger  frames  if  the  soap  is 
not  sufficiently  cold  when  brought  into  them. 

In  case  scrap  is  worked,  water  has  to  be  added  in  melting 
it  according  to  whether  it  is  more  or  less  dried  out,  to  pre- 
vent the  soap  from  becoming  low  in  water.  Soaps  low  in 
water  throw  up  a  froth  resembling  grained  soap,  and  in  such 
a  case  water  has  to  be  crutched  in  till  the  froth  disappears. 
These  soaps  must  never  be  allowed  to  come  to  a  boil. 

For  soaps  the  yield  of  which  is  to  resemble  grained  soap, 
silicate  of  soda  has  to  be  used  for  filling  and  the  process  of 
manufacture  as  above  described  followed.  With  the  use  of 
potash  solution  and  brine  only,  soaps  smooth  and  less  re- 
sembling grained  soap  are  obtained  as  shewn  by  the  follow- 
ing compositions.  These  soaps  should  never  be  heated  to 
above  185^  F. 
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Paste  soaps  with  a  yield  of  SSO  to  275  per.  cent,  and  of  smooth 
•appearance. 

Stocks:  I.  Cocoanut  oil  or  palm-kernel  oil  90  lbs.,  tallow  10 
lbs.,  caustic  soda  lye  of  30°  B.  84  lbs.,  potash  solution  of  30® 
B.  55  lbs.,  brine  of  24°  B.  36  lbs. 

II.  Cocoanut  oil  85  lbs.,  tallow  15  lbs.,  caustic  soda  lye  of 
30®  B.  84  lbs.,  potash  solution  of  30®  B.  30  lbs.,  silicate  of 
soda  30  lbs.,  brine  of  23®  B.  20  lbs. 

III.  Palm-kernel  oil  90  lbs.,  tallow  10  lbs,,  caustic  soda  lye 
of  30®  B.  84  lbs.,  potash  solution  of  30®  B.  50  lbs.,  silicate  of 
soda  35  lbs. 

Mix  the  caustic  soda  lye  and  potash  solution.  Bring  the 
fats  into  the  kettle^  melt  them,  and  at  167°  F.  crutch  in  the 
lye,  when  combination  will  immediately  result.  When 
thorough  combination  is  established  crutch  in  the  other  fill- 
ings, the  brine  always  last  of  all.  When  larger  quantities  are 
manufactured  cover  the  kettle  over  night.  The  next  morning 
remove  any  skin  of  froth  which  may  have  formed,  scratch, 
eventually  perfume,  and  bring  the  soap  at  a  temperature  of 
158®  to  167®  F.  into  the  frames. 

Pa^te  soaps  with  a  yield  of  300  to  S50  per  cent. 

Stocks :  I,  Palm-kernel  or  cocoanut  oil  100  lbs.,  caustic  soda 
lye  of  30^  B.  84  lbs.,  potash  solution  of  30°  B,  100  lbs.  brine 
of  24®  B.  46  lbs.,  or, 

II.  Palm-kernel  or  cocoanut  oil  100  lbs.,  caustic  soda  lye  of 
300  B  84  lbs.,  potash  solution  of  30°  B.  80  lbs.,  silicate  of 
soda  30  lbs.,  brine  of  24®  B.  15  lbs. 

These  soaps  are  made  in  the  same  way  as  the  paste  soaps 
previously  described  except  that,  when  finished  and  thor- 
oughly combined,  they  are  allowed  to  stand  for  two  hours  in 
the  well-covered  kettle  to  insure  intimate  union.  A  sample 
of  2  to  4  ozs.  is  then  taken  and  allowed  to  cool  in  a  saucer 
when  it  should  be  quite  firm.  Should  such  not  be  the  case, 
add  from  5  to  10  lbs.  of  brine  of  24®  B.,  but  such  additional 
hardening  will  be  but  seldom  required.  In  summer  harden- 
ing may  also  be  effected  by  the  addition  of  some  caustic  soda 
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lye  of  30°  B.,  provided  the  soap  does  not  show  too  strong  a 
touch.  In  this  case  add  hot  water  to  the  soap  and  scratch 
thoroughly  until  good  combination  is  effected.  This  defect, 
however,  only  occurs  in  very  rare  cases  as  the  soap  very 
readily  combines  immediately  when  lye  and  fat  are  crutched 
together,  and  it  has  reached. a  temperature  of  188°  F. 

If  the  finished  soap  has  a  grain-like  froth,  want  of  water  is 
generally  the  cause  and  this  defect  occurs,  as* a  rule,  only 
when  scrap  very  much  dried  out  is  worked  up.  When 
scrap  is  used  it  should  be  added  after  the  fat  has  been 
crutched  together  with  the  lye,  adding  at  the  same  time  10  lbs. 
of  water  for  every  100  lbs.  of  scrap  but  slightly  dried  out; 
and  20  to  25  lbs.  for  every  100  lbs.  of  very  dry  scrap. 

Paste  soaps  with  4-00  to  800  'per  cent,  yield. 

Stocks:  I.  Cocoanut  oil  100  lbs.,  caustic  soda  lye  of  30°  B. 
84  lbs.,  potash  solution  of  30°  B.  100  lbs.,  silicate  of  soda  50 
lbs.,  brine  of  22°  B.  100  lbs.;  or 

II.  Cocoanut  oil  100  lbs.,  caustic  soda  lye  of  30°  B.  84  lbs., 
potash  solution  of  35°  B.  300  lbs.,  silicate  of  soda  200  iba, 
brine  of  23°  B.  100  lbs.,  water  30  lbs. 

The  soap  with  a  yield  of  400  per  cent,  from  stock  I  is  made 
in  the  same  way  as  the  paste-soaps  previously  described.  In 
making  soap  with  a  yield  of  800  per  cent,  from  stock  II,  the 
brine  has  to  be  very  carefully  crutched  in,  it  being  advisable 
that  the  soap,  after  the  soda  lye  and  potash  solution  are  com- 
bined with  the  fat,  be  again  brought  to  188°  F.  before  crutch- 
ing  in  the  silicate  of  soda,  and  continue  thus  till  everything 
is  added.  Should  the  soap  not  be  sufficiently  firm,  it  is  hard- 
ened by  the  .addition  of  lye  of  30°  B. 

Silicate  of  soda  soap  for  washing  in  sea  water,  A  soap  which 
contains  a  large  quantity  of  silicate  of  soda  can  be  used  for 
washing  in  sea  water  or  the  hardest  kind  of  well  water. 
These  readily  soluble  soaps  are  therefore  much  used  on  board 
of  sea-going  vessels. 

Silicate  of  soda  soap  with  a  yield  of  SSO  per  c^ent.  Cocoanut 
oil  100  lbs.,  caustic  soda  lye  of  30°  B.  100  lbs.,  potash  solu- 
tion of  30°  B.  30  lbs.,  silicate  of  soda  100  lbs.,  water  25  lbs. 
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Bring  the  cocoanut  oil  together  with  the  potash  solution  into 
the  kettle  and  allow  it  to  melt  whilst  stirring  thoroughly. 
When  the  mass  has  reached  a  temperature  of  188°  F.  crutch 
in  the  lye  ;  "when  intimate  combination  has  been  eflfected  bring 
the  soap  again  to  188°  F.  and  then  carefully  crutch  in  the 
silicate  of  soda,  a  large  scoopful  or  small  bucketful  at  a  time. 
If  lumps  should  form,  crutch  in  10  pounds  more  of  caustic 
soda  lye  of  30°  B.  When  the  silicate  of  soda  has  been 
crutched  in,  add  the  water  and  withdraw  the  fire. 

Allow  the  soap  to  stand  quietly  for  two  hours,  or  larger 
quantities  over  night,  when  the  soap  should  produce  a  moder- 
ately biting  sensation  upon  the  tongue  and  lie  free  from  froth  in 
the  kettle.  In  case  the  soap  shows  a  strong  touch  and  a  glass- 
hard  pressure,  add  a  few  pounds  of  fat  and  10  to  15  pounds  of 
water  and  crutch  thoroughly,  the  fitting  being  thus  regulated 
till  the  soap  shows  a  moderate  touch  and  good  pressure.  Vis- 
cidity of  the  soap  is  an  indication  of  its  having  too  little  lye. 
If  the  soap  produces  a  normal  biting  sensation  upon  the  tongue 
and  has  much  froth,  water  alone  is  wanting.  Scrap  to  be 
worked  up  is  at  the  outset  brought  into  the  kettle  together 
with  the  required  quantity  of  water,  about  10  pounds  of  it  for 
every  100  pounds  of  scrap  but  little  dried  out,  or  it  may  be 
added  after  the  silicate  of  soda  has  been  crutched  in,  and 
melted  with  a  moderate  fire  whilst  being  frequently  crutched. 
To  very  dry  scrap  20  to  25  pounds  of  water  must  be  added 
for  every  100  pounds  of  it.  The  finished  soap  is  allowed 
to  cool  to  167°  F.,  and  then  brought  best  into  iron  frames  of 
12  to  30  cwts.  capacity. 

Rosined  paste  soaps. — As  in  the  case  of  paste  soaps  without 
the  addition  of  rosin,  which  have  been  above  mentioned,  those 
with  the  addition  of  rosin  also  require  good  stocks  and  caustic 
lyes  not  too  strong.  All  these  paste-soaps,  whether  they  give 
large  or  small  yields,  or  are  made  without  or  with  the  addition 
of  rosin,  must  have  one  thing  in  common,  namely,  a  soap- 
mass  thoroughly  combined  in  lye  and  fat  and  rosin,  which  ex- 
actly forms  a  paste  suitable  for  filling.     In  the  preparation  of 
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rosined  paste  soaps  double  care  has  to  be  had  that  only  lyes 
as  caustic  as  possible  reach  saponification  such  as  are  capable  of 
absorbing  the  filling  without  detriment. 

The  manufacture  of  rosined  paste  soaps  is  extensively  car- 
ried on  most  everywhere,  the  varieties  chiefly  brought  into 
commerce  being  of  a  yellow  and  brown  color,  and  also  partially 
of  a  black  one.  In  preparing  these  soaps,  no  matter  what 
their  color  may  be,  it  must  be  borne  in  mind  that  rosin 
makes  them  soft,  and,  therefore,  in  most  formulas  the  quantity 
by  weight  of  rosin  which  can  be  used  is  given.  Only  good 
fats  can  be  employed  for  rosined  paste  soaps,  and,  if  possible, 
some  tallow,  besides  palm-kernel  oil  or  cocoanut  oil  and  crude 
palm  oil.  Soaps  with  a  very  large  content  of  rosin  can  then 
be  made,  which,  however,  will  not  stand  much  filling. 

Such  soaps  with  a  large  content  of  rosin  may  consist  of  the 
following  stock:  Palm-kernel  oil  150  lbs.,  tallow  60  lbs., 
bone-fat  or  crude  palm  oil  40  lbs.,  pale  rosin  250  lbs.,  caustic 
soda  lye  of  30°  B.  420  lbs.,  silicate  of  soda  50  lbs.,  soda 
crystals  50  lbs. 

Serviceable  soaps  could  be  obtained  by  omitting  the  soda 
crystals  and  silicate  of  soda  from  the  stock,  but  their  employ- 
ment will  result  in  a  product  that  is  smoother,  and  feels  drier 
and  firmer.  The  simplest  method  of  preparing  such  soaps  is 
to  crutch  the  lye  to  the  rosined  fat  and  effect  thorough  com- 
bination by  subsequent  heating. 

Heat  the  fat  to  about  180^  to  194°  F.,  and  dissolve  in  it  the 
oomminuted  rosin.  Allow  the  mass  to  cool  to  167°  F.,  and 
then  slowly  crutch  in  the  lye  which  contains  the  silicate  of 
soda,  till  all  is  thoroughly  combined.  A  moderate  fire  may 
be  kept  up  but  190^  F.  should  not  be  exceeded.  Combina- 
tion may  be  promoted  by  warming  the  lye  and  adding  any 
available  scrap  to  the  rosined  fat.  The  mass  thickens  as  soon 
as  it  becomes  too  cold  and  a  moderate  fire  should  therefore  be 
kept  up.  When  thorough  combination  has  been  eflTected  add 
the  soda  crystals  and  allow  them  to  melt,  crutching  frequently. 
The  fire  is  then  withdrawn  and  the  soap  allowed  to  stand 
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quietly  for  two  hours,  so  that  thoroughly  intimate  combina- 
tion results.  It  is  then  well  crutched  and  brought  into  frames 
holding  from  12  to  15  cwts.,  and  again  crutched  somewhat 
cold  in  them. 

Rodned  paste  soap  with  a  yield  of  SCO  to  400  per  cent.  Stocks 
may  be  composed  aa  follows : 

I.  Cocoanut  oil  100  lbs.,  palm-kernel  oil  80  lbs.,  crude  palm 
oil  20  lbs.,  rosin  30  lbs.,  caustic  soda  lye  of  30°  B.  193  lbs., 
potash  solution  of  30°  B.  110  lbs.,  brine  of  22°  B.  110  lbs., 
silicate,  of  soda  65  lbs.,  or 

II.  Palm-kernel  or  cocoanut  oil  100  lbs.,  crude  palm  oil 
5  lbs.,  rosin  10  lbs.,  caustic  soda  lye  of  30°  B.  96  lbs.,  potash 
solution  of  30°  B.  55  lbs.,  brine  of  22°  B.  40  lbs.,  silicate  of 
soda  15  lbs. 

Dissolve  the  rosin  in  the  fat,  then  crutch  in  the  potash  so- 
lution and  immediately  afterwards  the  caustic  soda  lye,  com- 
bination beiug  readily  attained  in  this  manner.  When  com- 
bination is  complete  raise  the  temperature  of  the  soap  to  190° 
F.  and  crutch  in  the  brine.  Now  remove  the  fire  and  let  the 
kettle  stand  quietly  for  one  hour  to  allow  intimate  combina- 
tion to  take  place,  and  then  crutch  in  the  silicate  of  soda. 
Then  take  samples.  If  they  are  not  firm  enough,  harden,  in 
summer  as  well  as  in  winter,  by  the  addition  of  a  few  pounds 
of  soda  crystals  and  crutch  until  they  are  melted  ;  then  bring 
the  soap  into  frames. 

Rosined  paste-soap  without  brine.  Stock :  Cocoanut  oil  100 
lbs.,  crude  palm  oil  10  lbs.,  pale  rosin  25  lbs.,  caustic  soda  lye 
of  20°  B.  200  lbs.,  silicate  of  soda  75  lbs.,  soda  crystals  30  lbs. 

This  stock  yields  a  cheap  soap  of  fine  quality  which  by  rea- 
son of  the  low-grade  lye  used,  is  easy  of  manufacture.  Dis- 
solve the  rosin  in  the  fat,  gradually  crutch  in  the  lye,  bring 
the  soap  to  190°  F.,  crutch  in  the  silicate  of  soda,  and  immedi- 
ately after  that  add  the  soda  crystals.  Then  withdraw  the 
fire,  crutch  several  times  till  the  soda  crystals  are  dissolved, 
and  bring  the  soap  into  the  frames.  If  scrap  is  available 
add  it  after  the  lye  has  been  crutched  in.     Should  it  hap- 
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pen  that  the  soap  turns  out  somewhat  'soft,  harden  it  by  add- 
ing 1  to  2  lbs.  of  caustic  soda  lye  of  36®  B. 

Transparent  rosined  paste-soap.  A  transparent  paste-soap  of 
fine  appearance  the  manufacture  of  which  is  simple  and  easy, 
is  obtained,  when  properly  made,  from  the  following  stock  : 
Gocoanut  oil  240  lbs.,  crude  palm  oil  100  lbs.,  rosin  30  lbs., 
potash  lye  of  26®  B.  190  lbs.,  caustic  soda  lye  of  26^  B.  190 
lbs.,  potash  solution  of  35®  B.  80  lbs.,  brine  of  22®  B.  208  lbs., 
silicate  of  soda  160  lbs.,  soda  crystals  60  lbs. 

Dissolve  the  comminuted  rosin  in  the  melted  oil  and  fat, 
crutch  in  the  potash  lye  and  when  combination  has  taken 
place,  crutch  in  the  soda  lye  and  immediately  after  ihat  the 
potash  solution.  Bring  the  soap  to  190®  F.,  crutch  in  the  sili- 
cate of  soda,  then  add  any  scrap  available  and  the  soda 
crystals,  keeping  up  a  moderate  fire  until  all  is  dissolved. 
Then  withdraw  the  fire,  allow  the  soap  to  cool  to  167®  F.,  and 
bring  it  into  the  frames. 

Rosined  paste-soap  with  talc.  Stock:  Gocoanut  oil,  250  lbs.  ; 
crude  "palm  oil,  200  lbs.,  caustic  soda  lye  of  25®  B.,  570  lbs; 
rosin,  100  lbs. 

Filling :  Talc,  270  lbs. :  water,  500  lbs. ;  silicate  of  soda,  100 
lbs. ;   soda  crystals,  50  lbs. 

Bring  the  rosin  and  cocoanut  oil  into. the  kettle,  boil  them 
with  the  lye  to  paste,  then  add  at  once  the  palm  oil,  and  boil 
the  whole  thoroughly.  The  entire  stock  of  fat  may  also  be  at 
once  brought  into  the  kettle  and  saponified  with  the  lye  of 
25^  B.,  but  care  must  be  had  that  the  soap  does  not  become 
thick,  as  in  that  case  it  would  not  have  sufficient  fitting.  To 
avoid  this  defect  it  is  advisable  to  keep  50  pounds  of  the  crude 
palm  oil  in  reserve  and  add  them  later  on.  In  the  meanwhile 
the  talc  has  been  stirred  together  with  the  water.  When 
saponification  has  taken  place  add  this  mixture  and  combine 
it  intimately  by  vigorous  stirring  so  that  the  talc  does  not 
scorch  too  much.  When  everything  is  thoroughly  combined 
add  the  soda  crystals  and,  when  they  have  also  been  incorpo- 
rated, the  palm  oil  kept  in  reserve.     When  this  is  also  thor- 
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oughly  combined,  regulate  the  fttiog  and  firmness  of  the 
soap.  It  should  produce  quite  a  biting  sensation  upon  the 
tongue  and  show  good  finger-pressure.  If  it  does  not  produce 
a  biting  sensation  upon  the  tongue,  or  only  a  very  faint  one, 
and  shows  no  pressure,  lye  is  wanting.  Add  lye  of  25°  B.  and 
boil  moderately  till  the  result  desired  has  been  attained. 
Then  remove  the  fire  and  stir  vigorously  to  prevent  scorch- 
ing. When  the  soap  is  quiet  after  boiling,  crutch  it  fre- 
quently and,  if  there  is  a  large  quantity  of  it,  allow  it  to  stand 
over  night  to  cool  in  the  kettle.  The  next  morning  crutch 
any  talc  which  may  have  separated  into  the  soap,  bring  the 
latter  into  small  frames  and  crutch  till  it  can  no  longer  settle. 
Alkaline  silicate  or  water-glass  compositions  are  most  suitably 
prepared  from  cocoanut  oil.  Water-glass  or  soluble  glass — 
sodium  silicate  or  potassium  silicate — is  used  in  soft  soaps  as 
well  as  in  hard  soaps,  but  to  the  greatest  extent  in  these 
water-glass  compositions,  because  of  all  watery  filling  agents 
it  dries  in  the  least  and  also  possesses  good  detergent  power. 
It  makes  hard  water  soft  and  prevents  the  soap  from  coagulat- 
ing in  it.  A  few  good  processes  are  here  given.  As  stocks 
serve : — 

I.  Cocoanut  oil  100  lbs.,  caustic  soda  lye  of  25®  B.  100  lbs. 
mixed  with  water  70  lbs.,  water-glass  120  lbs.  mixed  with 
caustic  soda  lye  of  25°  B. 

The  cocoanut  oil  is  crutched  together  with  the  caustic  soda 
lye  at  about  194*^  F.  and  brought  into  combination,  when  the 
water-glass  is  immediately  crutched  in  and  the  soap  is  fin- 
ished.    If  desired  some  soda  crystals  may  also  be  added. 

II.  Cocoanut  oil  100  lbs.,  caustic  soda  lye  of  25°  B.  100 
lbs.  mixed  with  water  50  Its.,  water-glass  150  lbs.  mixed  with 
caustic  lye  of  25°  B.  15  lbs.,  potash  solution  of  30°  B.  50  lbs. 

Bring  the  oil  into  the  kettle  and  boil  it  with  the  lye  to  a 
paste  by  steam  or  over  an  open  fire,  and  then  add  imme- 
diately the  potash  solution.  Now  remove  the  fire  and  crutch 
in  the  water-glass.  Should  it  happen  that  lumps  are  formed 
in   crutching  in   the   water-gla^s,  crutch   very   slowly,  and 
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eventually  use  fire  or  steam.  Any  available  scrap  may  from 
the  start  be  brought  into  the  kettle. 

Mottled  soaps. — Notwithstanding  their  good  appearance  and 
great  similarity  to  Eschweg  soap,  mottled  soaps,  by  reason  of 
their  large  yield  have  to  be  classed  with  paste-soaps.  Gen- 
erally speaking  most  of  them  could  formerly  be  made  with  a 
yield  of  less  than  320  per  cent.  Many  soap  boilers  tried  to 
improve  them  in  so  far  as  to  make  their  content  of  fat  ap- 
proximate that  of  Eschweg  soap,  but,  as  a  rule,  it  was  lost 
labor.  The  experiments  always  failed  on  account  of  the  large 
content  of  salt  required  by  these  soaps  for  fixing  the  mottle. 
The  best  varieties,  when  freshly  cut,  have  a  yield  of  320  to 
340  per  cent.,  and  the  limit  of  the  largest  yield  is  about  700 
per  cent.  The  better  varieties  can  be  considerably  improved 
so  that  they  become  more  resistant  in  use  by  placing  them,  in 
the  form  of  blocks  not  too  large,  or  better  in  the  shape  of 
slabs,  for  a  few  days  in  dry  rooms.  They  lose  in  an  incred- 
ibly short  time  about  5J0  per  cent,  in  weight.  However, 
drying  should  not  be  carried  that  far,  because  the  soap  then 
develops  its  worst  quality,  namely,  the  salts  which  have  been 
more  concentrated  by  crutching,  crystallize  out. 

The  manufacture  of  mottled  soap  was  originally  considered 
a  secret,  but  it  is  of  course  no  longer  so,  and  at  present  soaps 
with  a  yield  of  250  to  260  per  cent,  can  be  produced,  consider- 
able experience  being,  however,  required  for  this.  The  manu- 
facture of  these  soaps  is  quite  easy  if  the  soap  boiler  knows  on 
what  the  formation  of  mottle  is  based.  This  depends  on  the 
fitting;  the  soap  should  be  so  fitted  that  the  water-glass 
slowly  crystallizes  out  with  the  color.  If  the  basis  soap  is  too 
weak  in  the  fitting,  the  water-glass  color  crystallizes  out  too 
quickly  and  settles  on  the  bottom.  With  soap  too  strongly 
fitted  the  color  solution  can  crystallize  out  but  little  or  not  at 
all.  Hence  the  first  requirement  is  to  make  a  correct  basis- 
soap.  It  must  be  properly  constituted  for  the  formation  of 
mottle  and  capable  of  holding  it  as  mugh  as  possible.  How 
the  mottle  is  to  be  formed  in  the  soap,  whether  large  or  small,. 
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is  a  matter  of  experience.  Another  factor  of  as  much  im- 
portance as  the  knowledge  of  the  proper  mottle,  deserves  care- 
ful consideration.  Mottled  soap  should  never  be  poor  in 
water ;  if  such  be  the  case  the  result  will  always  be  a  poor 
and  small  mottle,  no  matter  how  well  the  principle  of  mottling 
may  be  understood  and  applied.  Deficiency  in  water  is  the 
greatest  defect  in  all  kinds  of  paste  soap,  and  more  particularly 
so  in  mottled  products.  When  water  is  wanting,  the  salts  by 
being  liberated  produce  a  severing  effect  upon  the  combina- 
tion of  the  soap,  and  a  fine  mottle  cannot  be  produced.  De- 
ficiency in  water  is  a  defect  w^hich  can  be  readily  determined 
and  just  as  readily  removed,  but,  nevertheless,  many  soap- 
boilers proceed  in  this  case  with  the  greatest  timidity,  being 
under  the  impression  that  too  much  water  might  be  brought 
into  the  soap.  Deficiency  in  water  is  indicated  by  the  appear- 
ance on  the  surface  of  a  thick,  heavy  froth,  which  is  often 
grainy,  and  the  thicker  and  heavier  and  more  grainy  it  is  the 
poorer  in  water  the  soap  is.  If  the  froth  is  grainy  a  large 
quantity  of  water  is  wanting,  in  fact,  so  much  water  that  an 
inexperienced  soapboiler  hesitates  to  add  as  much  as  is  re- 
quired. There  is  no  reason  for  being  timid  even  after  the 
addition  of  100  or  more  pounds  of  water,  the  latter  is  wanting 
so  long  as  the  soap  possesses  this  heavy  froth.  Mottled  soaps 
should  only  have  so  much  watery  froth  as  is  formed  by  crutch- 
ing.  The  soap  specially  requires  much  water  when  scrap  is 
worked  with  the  stock ;  on  this  depends  the  success  of  the 
operation.  It  is  no  matter  whether  one  formula  prescribes 
caustic  soda  lye  of  20  or  22°  B.,  or  another  brine  and  potash 
solution  of  somewhat  different  degrees,  or  that  in  some  direc- 
tions such  great  value  is  set  upon  the  color  solution  that 
special  attention  is  called  to  the  importance  of  working  accord- 
ing to  a  correct  percentage.  These  perplexing  details  make 
the  beginner  timid,  and  besides,  many  of  these  directions  are 
of  no  value  whatever.  All  that  is  necessary  is  to  prepare  a 
proper  past^  which  becomes  sufficiently  firm,  and  to  regulate 
the  fitting  so  as  to  enable  the  water-glass  color  solution  to 
20 


306  MANUFAGTURB   OF   SOAP. 

crystallize  out.     Everything  else  is  superfluous  and   only 
makes  the  operation  more  difficult. 

The  fats  chiefly  used  for  this  kind  of  soap  are  cocoanut  oil 
and  palm-kernel  oil,  the  latter  being  mostly  employed  and  is 
more  suitable  for  a  yield  of  up  to  400  per  cent,  than  the  former, 
which,  by  reason  of  its  greater  pasting  capacity,  should  only 
be  used  in  stock  for  larger  yields ;  for  lower  yields  it  exerts  a 
disturbing  influence.  Some  tallow  may  be  recommended  as 
an  additional  fat,  it  possessing  the  property  of  making  the  soap 
congeal  more  rapidly  in  the  frame  after  the  formation  of  the 
mottle.  Soap  with  a  yield  of  up  to  400  per  cent,  should  be 
made  with  palm-kernel  oil  alone  or  eventually  with  the  addi- 
tion of  some  tallow  or  another  fat.  For  a  yield  of  from  450 
to  550  per  cent,  the  stock  may  consist  of  at  least  one-half  co- 
coanut oil,  and  for  a  yield  of  over  600  per  cent,  cocoanut  oil 
alone  should  be  used  as  stock.  For  very  large  yields — from 
500  per  cent,  up — the  salt  solutions  for  filling  should  be  some- 
what less  concentrated  than  for  lower  yields. 

Many  soapboilers  use  for  the  thorough  saponification  of  100 
per  cent,  fat  110  per  cent,  of  caustic  soda  lye  of  22°  B.  A 
more  recent  method,  which  is  considered  better,  prescribes  for 
100  per  cent,  of  fat  115  per  cent,  of  caustic  soda  lye  of  20°  B. 
In  some  factories  the  soap  while  being  saponified  with  caustic 
soda  is  allowed  to  boil  and  the  solutions  are  then  crutched  in. 
However,  the  better  way  is  not  to  allow  the  soap  to  boil,  but  to 
heat  it  only  to  190°  F.  By  boiling  vigorously  much  water  is 
evaporated,  froth  is  formed,  and  the  salts  are  liberated,  which 
has  a  bad  eflect  on  the  thorough  combination  of  the  soap.  It 
is  therefore  more  correct  to  bring  the  stock  of  fat  into  the  kettle, 
saponifying  it  by  crutching  it  together  with  the  lye  and  at 
once  crutching  in  the  potash  solutions,  then  heating  the  soap 
paste  to  190°  F.,  and  finally  crutching  in  the  brine.  The  fin- 
ished basis-soap  should  have  pressure  and  be  a  paste-soap 
which  spins  well,  i.  e,,  runs  in  threads  from  the  paddle.  For 
a  test,  take  a  sample  with  the  paddle,  wait  half  a  minute,  and 
let  it  run  ofi^,  when  it  should  spin  well.     Soap  too  hot,*  though 


HARD   SOAPS.  307 

containing  sufficient  water,  shows  this  spinning  in  a  less  d^ree. 
Potash  solution  and  brine  are  the  best  fillings  agents,  others 
being  less  suitable.  The  use  of  much  soda  solution  should 
especially  be  avoided,  such  filling  being  very  detrimental,  par- 
ticularly to  winter  soaps,  which  then  tremendously  effloresce. 
All  the  salt  solutions  which  are  used  cause  disturbances  when 
they  are  either  too  weak  or  too  strong,  the  soap  in  the  first  case 
being  rendered  too  soft,  and  in  the  other,  grainy  froth  is 
formed  similar  to  that  when  the  soap  is  deficient  in  water. 
When  a  correct  basis-soap  has  been  prepared  it  is  tested  as  to 
whether  it  will  absorb  the  solution  of  coloring  matter  without 
cystallizing.     This,  however,  will  be  referred  to  later  on. 

Mottled  soap  with  a  yield  of  S60  per  cent, — The  manufacture 
of  mottled  soap  with  such  a  low  yield  is,  as  previously  stated, 
extremely  difficult  and  requires  considerable  experience.  The 
following  stock  may  be  used  :  Palm-kernel  oil,  200  pounds, 
or  palm-kernel  oil,  180  pounds ;  tallow,  20  pounds ;  caustic 
soda  lye  of  20°  B.,  230  pounds;  potash  solution  of  35°  B.,  40 
pounds;  brine  of  24°  B.,  50  pounds. 

Color  solution. — Ultramarine,  J  pound,  dissolved  in  water,  10 
pounds;  waterglass,  10  pounds;  caustic  soda  lye,  2  pounds. 

The  chief  difficulty  with  this  soap  is  the  formation  of  the 
mottle.  Its  manufacture  is  the  same  as  that  of  mottled  soaps 
with  larger  yield,  which  will  be  more  particularly  referred  to 
later  on.  It  may  here  only  be  said  that  this-  soap  forms 
mottle  with  great  difficulty,  and  as  it  contains  less  water  and 
is  consequently  thicker,  it  has  to  be  brought  hotter  into  the 
frames  and  well  covered.  It  is  advisable  to  bring  it  at  190°  F. 
into  the  frame  and  keep  it  well  covered  till  the  mottle  is 
formed,  when  it  is  uncovered  and  allowed  to  cool. 

Mottled  Soap  with  a  yield  of  S50  per  cent  Stock, — Palm- 
kernel  oil,  270  pounds ;  tallow,  30  pounds ;  caustic  soda  lye 
of  20°  B.,  345  pounds ;  potash  solution  of  35°  B.,  160  pounds ; 
brine  of  24°  B.,  215  pounds. 

Color  solution :  Ultramarine  }  lb.,  water  10  lbs.,  caustic  soda 
lye  of  20°  B.  2  lbs.,  water-glass  10  lbs. 
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Mottled  8oap  vrith  a  yield  of  4^0  per  cent. — Palm-kernel  oil 
100  lbs.,  caustic  soda  lye  of  20^  B.  115  lbs.,  potash  solution  of 
33<^  B.  105  lbs.,  brine  of  22^  B.  145  lbs. 

Mottled  soap  with  a  yield  of  550  per  cent — Palm-kernel  oil 
70  lbs.,  cocoariut  oil  30  lbs.,  caustic  soda  lye  of  20°  B.  115  lbs., 
potash  solution  of  30°  B.  150  lbs.,  brine  of  21°  B.  200  lbs. 

Mottled  soap  vrith  a  yield  of  700  per  cent, — Cocoanut  oil  90 
lbs.,  tallow  10  lbs.,  caustic  soda  lye  of  20°  B.  115  lbs.,  potash 
solution  of  30°  B.  210  lbs.,  brine  of  22°  B.  280  lbs. 

The  color  solution  for  the  yields  of  450  to  700  per  cent,  is 
as  follows:  Coloring  matter  4  ozs.,  water  6  lbs.,  caustic  soda 
lye  of  20°  B.  1  lb.,  water-glass  6  lbs. 

Any  of  these  stocks  may  be  brought  into  the  kettle  without 
fear  of  meeting  with  difficulties.  Start  the  fire  and  saponify 
the  fat  by  gradually  crutching  in  the  lye.  When  good  com- 
bination has  been  effected,  crutch  in  the  potash  solution  and 
bring  the  soap  to  190°  F.  Then  at  once  crutch  in  the  brine 
and  again  bring  the  soap  to  190°  F.  If  scrap  is  available  it 
may  be  added  after  crutching  in  the  brine  and  melted  with  a 
moderate  fire ;  according  to  whether  the  soap  is  less  or  more 
dried  out,  10  to  20  pounds  of  water  for  every  100  pounds  of 
scrap  have  to  be  added.  Now  withdraw  the  fire  and  cover  the 
kettle  for  half  an  hour  or  so  that  the  soap  may  still  more  inti- 
mately combine  and  the  watery  froth  caused  by  crutching  dis- 
appear. The  small  quantity  of  froth  which  still  remains  is 
skimmed  off.  From  what  has  been  said  it  will  be  seen  that 
preparation  of  the  basis-soap  is  quite  simple  and,  if  the  work 
has  been  properly  done,  mottling  is  also  a  simple  process. 
The  soapboiler  may  now  proceed  to  make  the  necessary  tests. 
It  is  always  well  to  reserve  of  the  caustic  lye  of  20°  B.,  which 
serves  for  saponification,  1  to  2  pounds  for  every  100  pounds  of 
stock  of  fat  to  correct  the  soap  in  case  it  should  be  too  weak. 
If,  on  the  other  hand,  it  is  too  strong,  correction  is  more  diffi- 
cult, as  one  does  never  know  how  much  oil  has  to  be  added. 
The  lye  used  for  the  color  solution  is  also  taken  from  that  kept 
in  reserve. 
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Coloring  the  framed  soap  at  hap-bazard  or  forcing  it  to 
mottle  properly  will,  as  a  rule,  turn  out  badly,  because,  even 
if  all  the  ingredients  have  been  most  accurately  weighed,  the 
fioap  cannot  be  turned  out  so  accurately  that  everything  is  at 
once  in  accord.  The  basis-soap  used  for  making  tests  may 
have  a  temperature  of  176°  to  194®  F. ;  it  should  not  be  colder 
than  that,  as  otherwise  the  formation  of  mottle  in  the  small 
testing  vessels  used  becomes  dilSGicult.  Bring  into  a  scoop  or 
small  box  15  to  20  pounds  of  the  soap  in  the  kettle  and  stir  in 
a  small  quantity  of  the  color-solution.  If  it  stirs  in  smoothly 
or  crystallizes  in  separate  minute  dots,  the  soap  has  turned 
out  quite  right  and  may  be  colored  in  the  kettle.  If,  how- 
ever, the  color-solution  immediately  on  being  stirred  in  crys- 
tallizes in  larger  patches,  the  basis-soap  is  still  too  weak  and 
2  to  3  lbs.  of  the  lye  kept  in  reserve  have  to  be  added  to  the 
color-solution.  The  test  is  repeated  till  the  color-solution 
stirs  in  smoothly  ^hen  the  soap  in  the  kettle  is  also  colored. 
When  the  color-solution  can  be  stirred  in  smoothly,  the  soap 
may  have  turned  out  right  and  can  at  once  be  colored  in  the 
kettle.  The  testing  vessel  should  be  well  covered  and  allowed 
to  stand  quietly  for  one-half  to  three-quarters  of  an  hour 
alongside  the  kettle  containing  the  colored  soap.  If,  after 
this  time,  a  mottle  is  not  noticed,  the  soap  is  too  strong ;  in 
this  case,  crutch  in  2  to  3  lbs.  of  oil  and  6  to  7  lbs.  of  water, 
and  the  mottle  will  then  result.  If  everything  has  been 
accurately  weighed  only  trifling  corrections  will,  as  a  rule,  be 
required.  If  the  soap  has  formed  a  faint  scarcely  perceptible 
mottle,  it  has  turned  out  right  and  can  at  167°  F.  be  brought 
into  the 'frame  in  which  it  remains  covered  till  the  mottle  has 
set  when  it  is  uncovered.  Should  the  soap  show  inclination 
towards  allowing  the  mottle  to  settle,  it  may,  without  hesita- 
tion, be  again  crutched  through  and  again  covered  for  the 
formation  of  mottle.  Such  soap,  as  a  rule,  is  slightly  too 
weak,  but  this  does  not  matter  as  it  forms  a  large  fine  mottle, 
while  that  of  soap  more  strongly  fitted  forms  with  greater 
diflSculty  and  is  smaller.  Such  soap  shows  no  inclination 
towards  allowing  the  mottle  to  settle. 
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If  ti^e  soap  after  standing  in  the  kettle  for  half  an  hour 
already  forms  a  very  large  mottle,  it  is  an  indication  that  the 
basis-soap  is  somewhat  too  weak ;  in  this  case  crutch  in  1  to 
2  lbs.  of  caustic  soda  lye  of  20°  B.,  and  then  bring  the  soap  at 
167°  F.  into  the  frame. 

Small  batches  may  be  boiled  in  the  morning  and  brought 
into  the  frame  in  the  afternoon,  but,  as  a  rule,  it  is  better  to 
make  all  these  kinds  of  soap  in  the  afternoon  and  bring  them 
into  the  frame  the  next  morning.  When  the  soap  is  finished 
up  to  the  formation  of  mottle,  cover  the  kettle  till  the  next 
morning ;  then  remove  the  cover,  crutch  through,  and  meas- 
ure the  temperature ;  if  the  latter  is  below  172°  F.,  add  10  to 
20  lbs.  of  water  to  the  soap,  start  the  fire,  and  bring  the  tem- 
perature to  172°  F.  Soaps  which  are  covered  hot  at  night, 
always  allow  the  mottle  to  settle  till  the  next  morning,  but 
this  is  not  to  be  considered  as  a  defect.  The  chief  diflSculty 
in  the  manufacture  of  these  soaps  lies  in  the  formation  of  the 
mottle,  but  this  is  readily  accomplished  if  the  basis-soap  has 
been  accurately  fitted  and  is  not  deficient  in  water. 


CHAPTER  XIII. 

Domestic  Soaps  by  the  Cold  Process  and  Semi-warm 

Process. 

Fats  and  lyes  far  mponification  by  the  cold  process, — By  saponi- 
fication by  the  cold  process  is  understood  the  preparation  of 
soaps — chiefly  the  cheaper  kinds  of  toilet  soaps,  but  also 
domestic  soaps — by  simply  stirring  together  melted  cocoanut 
or  palm-kernel  oil  with  the  exact  quantity  of  lye  required  for 
saturation.  The  process  is  based  upon  the  property  of  the 
various  kinds  of  cocoanut  oil  and  of  palm-kernel  oil  to  enter 
with  high-grade  caustic  lyes  into  a  combination  which  by 
subsequent  self-heating  in  the  frame  yields  a  firm  white  soap, 
particularly  distinguished  by  an  abundant  lather.  The 
capacity  of  the  above-mentioned  oils  of  readily  saponifying  is 
so  great  that  in  this  process  other  fats  and  oils  that  saponify 
with  difficulty  can  be  used  in  connection  with  them.  This 
fact  is  taken  advantage  of,  and  a  certain  percentage  of  tallow, 
palm  oil,  best  quality  of  bone  fat,  horse  fat,  lard,  oleic  acid, 
cottonseed  oil,  peanut  oil,  sesame  oil,  olive  oil  and  castor  oil, 
as  well  as  rosin,  is  frequently  used  in  the  manufacture  of  these 
soaps. 

No  matter  whether  the  stock  contains  tallow  and  other  fats 
and  oil  or  not,  the  mode  of  preparing  these  soaps  remains  al- 
ways the  same,  there  being  but  slight  deviations  as  regard^ 
the  temperature  of  the  fats  to  be  saponified  and  the  quantity 
of  lye  required  for  saponification.  Concerning  these  two 
points  it  must  be  borne  in  mind  that  of  all  the  fats  and  oils 
here  in  question,  cocoanut  oil  requires  the  largest  quantity  of 
lye  for  its  complete  saponification.  Next  come  tallow,  lard 
and  olive  oil,  about  the  same  quantity  of  lye  being  consumed 
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by  each  of  them.  Castor  oil  requires  the  least  lye.  All  the 
fats  used  for  cold  saponification  should  be  as  fresh  and  pure 
as  possible,  and  above  all,  not  be  rancid,  as  otherwise  the  soap 
made  from  them  might  also  turn  rancid.  As  regards  the 
second  point,  it  may  be  laid  down  as  a  rule  that  the  higher 
the  melting  point  of  a  fat  to  be  used  for  saponification  by  the 
cold  process  is,  the  higher  the  degrees  of  heat  during  the 
operation  have  to  be  kept.  Thus,  for  instance,  tallow,  if  it 
could  be  worked  at  all  by  itself,  would  have  to  be  kept  at 
140°  to  149®  F.,  while  if  worked  in  conjunction  with  J  to  J 
cocoanut  oil,  a  temperature  of  104°  to  113°  F.  would  suflSce 
in  the  one  case,  and  one  of  90°  to  95°  F.  in  the  other. 

The  lyes  for  soaps  by  the  cold  process  are  best  prepared 
from  high-grade  caustic  soda.  By  using  200  lbs.  of  water 
for  dissolving  100  lbs.  of  caustic  soda,  a  lye  of  about  40°  B.  is 
obtained.  It  should  be  kept  in  a  tightly  close.d  holder,  and 
is  generally  worked  at  a  strength  of  36  to  38°  B.  For  one 
pound  of  cocoanut  oil  half  a  pound  of  caustic  soda  lye  of  38° 
B.  is  estimated,  such  a  mixture  yielding  a  soap  which  is  very 
firm  when  slabbed.  Accurate  weighing  of  fat  and  lye  is  a 
requisite  for  the  success  of  the  soap ;  if  not  enough  lye  is 
added  the  soap  becomes  soft  and  spongy,  and  if  too  much, 
hard  and  brittle,  and  even  separates  paste  or  lye. 

For  filling  domestic  soaps  made  by  the  cold  process,  silicate 
of  soda,  talc,  filling  lye,  potash  solution  and  brine  are  chiefly 
used.  As  the  soap  becomes  much  heated  by  the  filling 
agents,  it  has  to  be  brought  into  smaller  shallow  frames  hold- 
ing from  65  to  130  lbs.  each,  and  allowed  to  stand  in  them 
uncovered,  as  otherwise  oil  readily  deposits. 

At  present  domestic  soaps  are  also  frequently  made  by  the 
semi-warm  process,  by  first  allowing  self-heating,  eventually 
with  the  assistance  of  heat,  to  take  place  in  the  mass  stirred 
together  from  fat  and  lye.  After  thorough  crutching  the 
paste  grained  soap  formed,  to  which  the  filling  has  been 
added  either  previous  to  or  after  the  appearance  of  self-heat- 
ing, is  brought  into  the  frames.     The  same  fats  and  lyes  as 


DOMESTIC   SOAPS.  313 

for  soaps  by  the  cold  process  are  used  and  silicate  of  soda, 
filling  lye,  potash  solution  and  brine  are  chiefly  used  for 
filling. 

Directions  for  domestic  soaps  by  the  cold  process  and  semi-vjarm 
process.  Stock  for  prime  quality  of  white  domestic  soap.  Tallow 
20  lbs.,  cocoanut  or  palm-kernel  oil  30  lbs.,  caustic  soda  lye 
of  38®  B.  25  lbs.,  potash  solution  of  20°  B.  3  lbs.,  brine  of 
9(P  B.  2  lbs. 

Stir  into  the  melted  fats  at  95®  F.,  the  lye  and  when  the 
mass  begins  to  thicken  add,  whilst  stirring  constantly,  the 
solutions  one  after  the  other,  and  bring  the  soap  into  the 
frames. 

Stocks  for  cheaper  domestic  soaps :  I.  Cocoanut  oil  50  lbs., 
palm-kernel  oil  50  lbs.,  caustic  soda  lye  of  23°  B.  125  lbs., 
silicate  of  soda  of  30®  B.  25  lbs.,  96  per  cent,  alcohol  9  to  11 
ozs. 

II.  Cocoanut  oil  50  lbs.,  palm-kernel  oil  50  lbs.,  peanut  oil 
20  lbs.,  caustic  soda  lye  of  23®  B.  124  lbs.,  silicate  of  soda  of 
36®  B.  25  lbs.,  96  per  cent,  alcohol  9  to  11  ozs. 

Stir  the  melted  fat  of  stock  I  at  about  99^  F.,  and  that  of 
stock  II  at  about  140®  F.,  together  with  the  lye  and  when 
combination  has  been  efi^ected  stir  in  the  silicate  of  soda  pre- 
viously heated  to  from  68®  to  77°  F.  When  the  mass,  whilst 
being  thoroughly  crutched,  appears  to  be  completely  broken 
up,  it  is  run  into  a  frame  and  the  96  per  cent,  alcohol  sprinkled 
over  it,  the  soap  being  thereby  immediately  contracted.  If  it 
is  to  be  colored  or  mottled  the  coloring  matter  must  be  ready 
to  hand,  as  the  soap  rapidly  congeals.  For  mpttling,  ultrama- 
rine or  Frankfort  black  mixed  with  water  is  used. 

According  to  a  similar  process  a  cheap  soap  is  prepared 
from  Ceylon  cocoanut  oil,  40  pounds ;  caustic  soda  lye  of 
32^  B.,  40  pounds ;  brine  of  18®  B.,  40  pounds,  and  silicate  of 
soda  of  38®  B.,  50  pounds. 

The  melted  cocoanut  oil  is  at  about  99®  F.  stirred  together 
with  25  pounds  of  the  lye,  the  remaining  15  pounds  of  the  lye 
being  poured  into  the  brine,  and  this  mixture  of  brine  and  lye 
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is  then  gradually  added  to  the  soap-mass,  care  being  had  that 
the  latter  remains  in  combination.  The  silicate  of  soda  is  tb^i 
added  in  a  thick  jet  so  that  the  soap  completely  separates. 
Now  crutch  so  that  the  whole  is  like  a  rice  paste  and  no  lumps 
are  noticed.  Then  sprinkle  1  pint  of  96  per  cent,  alcohol  over 
the  soap,  crutch  through  and  run  the  soap  quickly  into  the 
frame,  allowing  the  latter  to  stand  uncovered. 

Talc  is  worked  together  with  the  following  stocks : 

I.  Ceylon  cocoanut  oil,  50  pounds;  hog  fat,  50  pounds; 
caustic  soda  lye  of  36°  B.,  55  pounds ;  talc,  25  pounds. 

II.  Ceylon  cocoanut  oil,  65  pounds ;  peanut  oil,  35  pounds ; 
caustic  soda  lye  of  35^  B.,  55  pounds ;  talc,  30  pounds. 

Stir  the  talc  together  with  the  fat  at  about  122°  F.  and  suc- 
cessively add  the  lye.  When  the  soap  thickens  bring  it  into 
small  frames. 

A  white  soap  (165  to  220  per  cent,  yield)  can  be  prepared  by 
the  semi-warm  process  from  the  following  stocks : 

I.  Palm-kernel  oil,  85  pounds ;  tallow,  15  pounds  (both  fats 
at  113°  F.) ;  caustic  soda  lye  at  38°  B.,  50  pounds;  water,  3 
ppunds ;  potash  solution  of  20°  B.,  15  pounds. 

II.  Palm-kernel  oil,  60  pounds ;  tallow,  40  pounds ;  caustic 
soda  lye  of  37°  B.,  55  pounds ;  solution  of  20°  B.  of  equal 
parts  of  sugar,  common  salt  and  potash  in  water,  25  pounds. 

III.  Palm-kernel  oil  90  lbs.,  tallow  20  lbs.,  caustic  soda  lye 
of  30°  B.  85  lbs.,  potash  solution  of  20°  B.  15  lbs. 

IV.  Palm-kernel- oil  80  lbs.-,  tallow  20  Ibs^  caustic  soda  lye 
of  33^  B.  80  lbs.,  silicate  of  soda  of  38°  B.  40  lbs. 

V.  Palm-kernel  oil  90  lbs.,  tallow  10  lbs.,  caustic  soda  Ij'e 
of  38°  B.  50  lbs.,  water  3  lbs.,  silicate  of  soda  of  38°  B.  36  lbs., 
mixed  with  caustic  soda  lye  of  38°  B.  5  lbs.,  and  potash  solu- 
tion of  25°  B.  6  lbs. 

VI.  Palm-kernel  oil  50  lbs.,  tallow  25  lbs.,  hog  fat  25  lbs., 
bone  fat  15  lbs.  (the  fats  at  149°  F.),  caustic  soda  of  38°  B. 
64  lbs.,  silicate  of  soda  of  38°  B.  48  lbs.,  potash  solution  of 
15°  B.  17J  lbs. 

The  caustic  soda  lye,  eventually  mixed  with  the  water,  is 
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crutched  into  the  fat  at  about  122®  F.,  except  when  otherwise 
mentioned  in  the  stocks,  and  then  the  filling.  The  pan  is 
then  covered  for  some  time,  being  eventually  moderately 
warmed  and  the  mass  occasionally  crutched  through.  When 
self-heating  has  set  in,  the  mass  is  stirred.  When  the  soap  on 
being  tested  is  sufficiently  firm  and  produces  a  faint  biting 
sensation  upon  the  tongue,  it  is  brought  into  smaller  frames. 
The  stock  of  fat  may  also  be  saponified  with  the  lye,  and  the 
filling,  previously  heated,  crutched  into  the  soap  when  thor- 
oughly combined  and  bright. 

Rosined  soaps. — Two  methods  are  chiefly  employed  for  the 
manufacture  of  these  soaps,  the  lye  being  either  stirred  to- 
gether with  the  rosined  fat,  or  vice  versa,  the  rosined  fat  with 
the  hot  lye.  Soap  prepared  by  the  first  method  is  frequently 
somewhat  sticky  because  saponification  is  not  so  intimate  as 
by  the  other  method.  The  above-mentioned  fats  are  also  used 
for  making  these  soaps  and  for  filling  agents,  chiefly  talc^ 
silicate  of  soda,  potash  solution,  etc. 

Stock  for  rosined  soap  with  talc, — Tallow  42  lbs.,  palm-kernel 
oil  43  lbs.,  pale  rosin  15  lbs.,  caustic  soda  lye  of  37®  B.  50 
lbs.,  talc  5  to  7  lbs. 

Melt  the  tallow  and  oil,  dissolve  the  rosin  in  the  melted 
*ass,  stir  in  the  talc  and  strain.     Crutch  the  lye  into  the 

rined  fat  when  cooled  to  about  149®  F.     The  soap  when 

>roughly  combined  is  brought  into  small  frames. 
'iock  for  rosined  soap  vdth  50  per  cent  rosin, — Ceylon  cocoa- 
oil  32  lbs.,  palm-keniel  oil  16  lbs.,  pale  rosin  24  Ibs.^ 
i        \q  soda  lye  of  37®  B.  36  lbs.,  soap-yellow  about  28  ozs.^ 
d        7ed  in  boiling  water. 

live  the  comminuted  rosin  in  the  hot  melted  fat  Allow 
the  ned  fat  to  cool  to  about  140®  F.,  add  the  color  solution 
and  1,  stirring  vigorously,  the  lye.  The  pan  is  then  cov- 
ered Ti  for  about  20  minutes,  when  thorough  combination 
will  place.     The  soap  is  then  brought  into  the  frame^ 

stirrer  ough  short  and  lightly  covered.  After  having  been 
cut  thi  1  is  allowed  to  stand  for  a  short  time,  which  makes 
it  not  0  ,^  firmer,  but  also  more  transparent  on  the  edges. 


316  MANUFACTURE   OF   SOAP. 

Stock  for  rosined  soap  with  100  per  cent,  rosin. — Palm-kernel 
oil,  35  pounds ;  Ceylon  cocoanut  oil,  15  pounds ;  pale  rosin,  50 
pounds;  caustic  soda  lye  of  37^  B.,  50  pounds;  soap-yellow, 
I  ounce  dissolved  in  1  pound  of  boiling  water. 

Dissolve  the  rosin  in  the  hot  oil,  allow  to  cool  to  167^  F., 
strain  the  rosined  fat,  add  the  color-solution,  and  then  stir  in 
the  lye.  After  crutching  somewhat  the  soap  will  come  in 
quite  a  thick  paste,  which  can  be  immediately  brought  into 
the  frame  in  which  it  is  allowed  to  stand  uncovered. 

Scrap  from  soaps  made  as  above  described  is  dissolved  in  the 
hot  oil  and  thus  utilized  to  advantage.  If  it  is  very  much 
dried  out,  add  some  water. 

By  the  semi-warm  process  a  fine  quality  of  rosined  soaps  may 
be  prepared  from  the  following  stocks : 

I.  Palm-kernel  oil,  80  pounds;  Ceylon  cocoanut  oil,  20 
pounds ;  rosin,  14  pounds ;  caustic  soda  lye  of  37°  B.,  58 
pounds;  silicate  of  soda  of  38°  B.,  40  pounds,  mixed  with 
caustic  soda  lye  of  37°  B.,  7  pounds. 

II.  Palm-kernel  oil  90  pounds,  tallow  10  pounds,  rosin  10 
pounds,  caustic  soda  lye  of  36^  B.  55  pounds,  silicate  of  soda 
of  30°  B.  30  pounds,  mixed  with  caustic  soda  lye  of  36°  B.  4 
pounds,  and  potash  solution  of  30°  B.  5  pounds. 

III.  Palm-kernel  oil  50  pounds,  pale  rosin  10  pounds,  caustic 
soda  lye  of  30°  B.  40  pounds,  potash  solution  of  30°  B.  7J 
pounds. 

IV.  Palm-kernel  oil  90  pounds,  pale  rosin  10  pounds,  caustic 
soda  lye  of  33°  B.  60  pounds,  silicate  of  soda  of  38°  B.40  pounds, 
mixed  with  caustic  soda  lye  of  33°  B.  3  pounds. 

V.  Palm-kernel  oil  183  pounds,  rosin  33  pounds,  caustic  soda 
lye  of  37°  B.  119  pounds,  silicate  of  soda  of  38°  B.  64  pounds, 
potash  solution  of  30°  B.  10  pounds. 

Melt  the  oil  and  rosin  over  a  moderate  fire  and  dissolve  in 
the  melted  mass,  whilst  constantly  stirring,  any  scrap  on  hand. 
Crutch  into  the  rosined  fat,  when  cooled  to  about  167°  F.,the 
lye  previously  weighed  and  mixed,  the  silicate  of  soda  and  the 
potash  solution.    After  again  crutching  through,  cover  the  mass 
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for  some  time,  and  after  the  appearance  of  self-heating  it  will, 
when  erutched,  come  to  quite  a  liquid  paste.  When,  on  being 
tested,  this  paste  shows  pressure  and  produces  a  faint  biting 
sensation  upon  the  tongue,  it  is  brought  into  the  frames.  Any 
corrections  required  can  be  readily  made  by  the  addition  of 
warmed  lye  or  liquid  oil.  If  the  soap  is  to  have  a  pale  yellow 
color  dissolve  for  every  100  pounds  of  stock  |  to  1 J  ounces  of 
soap-yellow  dissolved  in  1  pound  of  boiling  water,  and  add  this 
solution  to  the  rosined  fat  previously  to  stirring  in  the  lye- 
mixture. 

Transparent  rosin  soap  may  be  prepared  from  Ceylon  cocoa- 
nut  oil  50  pounds,  crude  palm  oil  12^  pounds,  pale  rosin  37^ 
pounds,  caustic  soda  lye  of  38®  B.  50  pounds,  water  2 J  pounds, 
and  about  8  ounces  of  96  per  cent,  alcohol. 

Melt  the  cocoanut  oil  and  rosin  over  a  moderate  fire,  then 
add  the  palm  oil  and  let  that  also  melt.  The  melted  rosined 
fat  is  strained  and  when  it  shows  a  temperature  of  about 
176**  F.,  stir  in  the  lye  in  a  fine  jet.  When  combination  has 
been  effected,  add  the  water  to  the  thick  soap-mass,  the  latter 
becoming  somewhat  more  liquid  by  this  addition.  Now 
crutch  in  the  alcohol  and  allow  the  soap  to  rest  for  about  one 
hour,  the  pan  being  well  covered,  in  order  to  bring  about  a 
more  intimate  union  of  the  mass.  The  somewhat  thick,  trans- 
parent soap  is  then  brought  into  the  frame,  again  drawn 
through  with  the  crutch  and  allowed  to  stand  without  being 
covered. 

Stock  for  a  pale  rosined  soap. — Ceylon  cocoanut  oil  160  lbs., 
tallow  30  lbs.,  hog  fat  10  lbs.,  pale  rosin  50  lbs.,  Venetian  tur- 
pentine 5  lbs.,  caustic  soda  lye  of  36®  B.  127  lbs.,  potash  solu- 
tion of  30°  B.  12  J  lbs,  silicate  of  soda  of  38®  B.  5  lbs. 

Heat  the  stock  of  fat  to  180°  F.  and  dissolve  in  it  the  com- 
minuted rosin  over  a  moderate  fire.  Strain  the  rosined  fat 
and  weigh  it.  In  the  meanwhile  bring  the  lye  into  the  pan, 
allow  it  to  boil  through,  and  after  withdrawing  the  fire,  add 
the  potash  solution  and  the  silicate  of  soda ;  then  into  the  lye 
mixture,  which  should  have  a  temperature  of  180°  F.,  succes- 
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sively  crutch  the  rosined  fat,  which  should  show  a  temperature 
of  about  158°  F.  The  mass  will  finally  be  very  thick,  but 
vigorous  crutching  is  not  necessary.  When  the  last  portion  of 
rosined  fat  has  been  brought  into  the  lye  remove  the  crutch, 
cover  the  pan  for  about  two  hours,  then  crutch  again,  and 
bring  the  soap  into  shallow  frames  covered  with  sheet-iron. 

Stock  for  rosined  soap  vrith  100  per  cent  rosin  and  talc. — 
Palm-kernel  oil  50  lbs.,  rosin  50  lbs.,  talc  10  lbs.,  caustic  soda 
lye  of  37°  B.  50  lbs. 

This  soap  is  made  in  a  similar  manner  as  the  previous  one. 
Heat  the  lye  to  about  176°  F.,  stir  in  the  talc  and  then  crutch 
in  the  rosined  fat  at  about  155°  F.  Allow  the  mass  to  stand 
in  the  covered  pan  for  about  one  hour,  then  again  crutch  the 
mass,  which  will  now  be  well  combined  and  finally  bring  it 
into  small  frames. 

I^ock  for  yellow  rosined  soap. — Light  bone  fat  36  lbs.,  palm- 
kernel  oil  14  lbs.,  crude  palm  oil  2  lbs.,  pale  rosin  50  lbs., 
caustic  soda  lye  of  36°  B.  52  lbs.,  silicate  of  soda  of  38°  B.  2J 
lbs.,  potash  solution  of  15°  B.  2  lbs.,  brine  of  15°  B.  1  lb. 

Melt  the  rosin  in  the  stock  of  fat  and  strain  the  rosined  fat 
through  a  sieve  into  a  vessel.  Then  clean  the  pan,  introduce 
the  lye,  silicate  of  soda,  potash  solution  and  brine,  and  bring 
to  a  boil ;  it  is  also  advisable  to  melt  some  scrap  in  the  hot 
mixture.  When  the  lye  mixture  has  cooled  to  about  158°  F. 
and  the  rosined  fat  to  about  149°  F.,  gradually  crutch  the 
latter  into  the  former.  Then  cover  the  pan  for  one  hour, 
again  crutch  the  mass,  and  finally  bring  it  into  the  frame. 

Stock  for  red-yellow  rosined  soap. — Ceylon  cocoanut  oil  150 
lbs.,  crude  palm  oil  40  lbs.,  pale  rosin  30  lbs.,  caustic  soda  lye 
of  30°  B.  200  lbs.,  silicate  of  soda  of  38°  B.  75  lbs.,  water  40  lbs. 

Heat  in  a  quite  roomy  pan  the  lye,  silicate  of  soda  and 
water  to  boiling.  In  another  pan  heat  the  oil,  melt  the  com- 
minuted rosin  in  it  and  strain.  Then,  over  a  very  moderate 
fire,  gradually  crutch  the  rosined  fat  into  the  boiling  hot  mix- 
ture of  lye  and  silicate  of  soda.  Great  care  should  be  observed 
in  doing  this,  as  the  soap  rises  quickly  in  the  pan  on  account  of 
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combination  taking  place  suddenly.  When  the  soap  subsides 
in  the  pan  the  saponitication-process  is  finished.  Samples 
tested  upon  a  glass  plate  should  be  firm  and  show  pressure. 
Should  the  soap  lack  firmness  it  is  hardened  by  the  addition 
of  soda  solution  of  35°  B.  or  soda  crystals.  During  the  cold 
season  of  the  year,  hardening  has  to  be  done  with  great  care, 
too  large  an  addition  of  soda  solution  readily  causing  efflor- 
escence. 

Slock  for  pale  rosined  soap,  so^alled  economy  soap. — Palm- 
kernel  oil  317  pounds,  tallow  42  pounds,  palm  oil  2  pounds, 
rosin  63  pounds,  caustic  soda  lye  of  34°  B.  252  pounds,  silicate 
of  soda  of  38°  B.  84  pounds,  brine  of  24°  B.  6  pounds. 

This  soap  is  prepared  in  the  same  way  as  the  red-yellow 
soap.  The  lye,  silicate  of  soda  and  brine  are  heated  to  boiling 
in  one  pan,  and  into  this  mixture  is  gradually  crutched,  at 
about  185°  F.,  the  rosined  fat  previously  melted  in  another 
pan,  and  strained,  the  mass  rising  quite  high  in  the  pan.  In 
case  thorough  combination  should  not  have  taken  place  when 
all  the  rosined  fat  has  been  introduced,  the  mass  is  allowed  to 
remain  for  some  time  in  the  pan  and  is  occasionally  crutched 
till  a  well-combined  soap  has  been  obtained.  The  quite  thick 
soap  is  finally  brought  into  the  frame  and  crutched  till  cold. 

Stock  for  brown  rosined  soap, — Dark  rosin  125  pounds,  palm- 
kernel  oil  90  pounds,  wool  fat  35  pounds,  caustic  soda  lye  of 
39°  B.  119  pounds,  water  about  15  pounds. 

This  soap  is  prepared  in  the  same  way  as  the  two  preceding 
varieties.  It  may  also  be  made  by  heating  the  rosined  fat  as 
well  as  the  lye  to  about  194°  F.  and  crutching  the  latter  into 
the  former.  When  the  soap,  which  at  first  rises  in  the  pan, 
has  subsided,  crutch  in  20  to  25  pounds  of  silicate  of  soda  sat- 
urated with  lye. 

Ivory  soap, — Most  of  the  soaps  now  brought  into  commerce 
under  this  name  are  paste-soaps  generally  prepared  by  the  cold 
process.  A  stock  for  such  a  soap  consists  of :  Palm-kernel  oil 
100  pounds,  caustic  soda  lye  of -38°  B.  50  pounds,  solution  of 
26°  B.  10  to  15  pounds,  this  solution  consisting  of  boiling  water 
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30  pounds,  ia  which  are  dissolved  potassium  chloride  4  pounds, 
potash  4  pounds,  and  sugar  5  pounds.  It  is  brought  with  cold 
water  to  25^  B.,  and  only  the  clear  portion  of  it  is  used. 

The  palm-kernel  oil  is  heated  to  about  90®  F.,  and  then 
everything  is  stirred  together.  The  proportion  of  lye  given  in 
the  formula,  as  a  rule,  suffices,  but  should  the  soap  unexpect- 
edly turn  out  not  sufficiently  firm,  1  to  2  per  cent,  of  lye  of 
38®  B.  may  be  added  to  the  solution  above  described.  A  por- 
tion of  the  palm-kernel  oil  may  also  be  replaced  by  tallow  and 
the  soap  be  more  heavily  filled  even  with  silicate  of  soda, 
though  it  is  not  advisable. 


CHAPTER  XIV. 


SOFT   SOAPS. 


By  soft  soap  is  understood  a  soap  prepared  chiefly  from 
potash  lye  and  oil,  of  a  soft,  salve-like  consistency,  and  con- 
taining much  more  water  chemically  fixed  than  hard  soap. 
It  is  not  a  simple  alkaline  sebate,  but  a  solution  of  an  alkaline 
sebate  in  a  mixture  of  carbonated  and  caustic  lyes.  As  neutral 
potassium  oleate  yields  a  viscid,  gummy,  and  turbid  product, 
it  is  necessary  to  add  to  it,  in  order  to  obtain  the  transparent 
soap  of  commerce,  a  solution  of  potassium  hydroxide  and  car- 
bonate, or  to  substitute  for  the  latter  one  of  allied  salts.  By 
depositing  itself  between  the  atoms  of  soap,  the  potassium  car- 
bonate, added  in  suitable  proportion,  breaks  up  the  viscidity 
of  the  soap  and  forms  it  into  a  plastic,  transparent  mass, 
while  it  also  possesses  the  property  of  combining  water  with 
the  soap. 

It  is  frequently  stated  that  the  glycerin  contained  in  the  oil 
and  fat  takes  an  active  part  in  the  process  of  saponification. 
Such,  however,  is  not  the  case,  it  contributing  at  the  utmost 
only  to  the  transparency  of  the  soap. 

The  principal  fatty  substances — train  oil  and  hemp  oil — 
which  were  formerly  used  in  the  manufacture  of  soft  soap  are 
but  little  employed  at  the  present  time,  linseed  oil,  German 
sesame  or  cameline  oil,  rape  oil,  cottonseed  oil,  peanut  oil, 
sesame  oil,  as  well  as  oleic  acid,  tallow,  palm  oil,  lard  and 
horse  fat  being  substituted  for  them.  However,  on  account  of 
its  good  qualities — it  freezing  only  at  about  — 4°  F. — linseed 
oil,  besides  cameline  oil,  is  preferably  used  for  winter  soaps. 

The  success  of  the  soap  depends  chiefly  on  the  lyes,  and  it 
is  necessary  to  prepare  them  with  the  greatest  care,  the  prin- 
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cipal  condition  being  to  determine  whether  they  contain  cor- 
rect proportions  of  caustic  alkali  and  alkaline  carbonate,  or,  as 
it  is  technically  called,  are  *' correct  in  lime." 

For  the  saponification  of  100  pounds  of  oil  or  fat  about  36 
pounds  of  96  per  cent,  potash  causticized  by  lime  are  gener- 
ally required.  If,  however,  the  soft  soap  is  to  be  filled,  a  con- 
siderable quantity  of  lye  is  necessary  for  saturation,  so  that  40 
pounds  of  96  per  cent,  potash  must  be  allowed  for  100  pounds 
oi  oil. 

For  boiling,  lye  of  an  average  strength  of  23°  to  24°  B.  is 
generally  used,  155  to  160  pounds  of  lye  of  24°  B.  sufficing  for 
100  pounds  of  oil.  Lyes  taken  directly  from  the  tanks  are  not 
even  in  lime,  the  latter  varying  very  much  in  lyes  of  30°,  24° 
and  18°  B. ;  the  higher  the  degree  of  the  lye  the  lower  in  lime 
it  is.  It  being,  however,  absolutely  necessary  in- .boiling  to 
keep  within  determined  proportions  of  caustic  alkali  and  alka- 
line carbonate,  correspondingly  weaker  and  stronger  lyes  are 
used ;  for  instance,  about  2  parts  of  lye  of  20°  B.  and  1  part 
of  lye  of  30°  B.,  by  which  a  suitable  average  lye  of  about  24®  B. 
is  obtained. 

The  manner  of  preparing  the  various  kinds  of  soft  soap  oc- 
curring in  commerce  being  the  same  and  carried  on  according 
to  the  same  rules,  they  can  only  be  divided  into  the  following 
four  varieties,  according  to  the  fatty  substances  used,  and 
whether  potash  lye  alone  is  employed  or  soda  lye  in  connec- 
tion with  potash  lye.  1.  Smooth  transparent  soap.  2.  Trans- 
parent soap  with  natural  fig  (natural  fig  soap).  3.  Transparent 
soap  with  artificial  fig  (artificial  fig  soap).  4.  Soap  witl)  a 
mother-of-pearl  lustre  (silver  soap,  elai'din  soap).  All  these 
varieties  demand  a  different  treatment  in  the  various  seasons 
of  the  year,  in  order  to  present  always  the  same  appearance ; 
it  being  of  special  importance  to  choose  a  different  combination 
of  fats  for  each  season  of  the  year,  to  pay  special  attention  to 
the  correct  proportion  of  causticity  of  the  lyes,  the  degree  of 
moisture  and  the  fit  of  the  soaps,  and  to  use  the  correct  pro- 
portion of  soda  for  smooth,  artificial  fig,  and  silver  soaps. 
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1.  Smooth  transparent  soft  soap, — For  this  soap,  which  occurs 
in  commerce  as  so-called  crown  soap  of  various  colors  (black, 
brown,  green,  etc.),  linseed  oil  or  cameline  oil  is  generally  used 
in  winter,  and  sometimes  train  oil  and  hemp  oil,  these  oils 
being  nearly  free  from  stearin  and  little  inclined  to  congealing. 
In  the  warm  season  of  the  year,  besides  the  mentioned  oils,  a 
considerable  quantity  of  cottonseed  oil,  rape  oil,  peanut  oil, 
sesame  oil  and  olive  oil  is  worked  to  impart  to  the  soap  greater 
consistency  and  durability.  Smooth  soft  soaps  prepared  from 
linseed  oil  alone  which,  as  pure  potash  soaps  will  stand  any 
degree  of  cold,  liquefy  at  a  higher  temperature,  and  to  over- 
come this  drawback  a  certain  quantity  of  potash  lye  is  replaced 
by  soda  lye.  Various  experiments  in  regard  to  the  amount  of 
soda  lye  allowable  as  an  addition  for  soft  soap  have  shown  that 
a  product*  of  good  quality  can  be  obtained  in  summer  by  the 
use  of  3  parts  potash  lye  and  2  parts  soda  lye,  while  with  the 
use  of  equal  parts  of  potash  and  soda  lyes,  the  soap  becomes 
turbid  and  unsalable.  At  the  present  time  one-fourth  to  one- 
third  soda  lye  is  generally  used  during  the  hot  season  of  the 
year,  which  is,  however,  gradually  reduced  (to  one-fifth,  one- 
sixth,  etc.)  with  the  approach  of  colder  weather,  and  entirely 
omitted  when  frost  sets  in,  potash  lye  alone  being  then  used. 
An  allowance  must,  of  course,  be  made  for  the  soda  naturally 
contained  in  the  potash.  It  must  also  be  borne  in  mind  that 
soft  soap,  in  the  preparation  of  which  at  a  low  temperature  too 
much  soda  lye  is  used,  becomes  short  and  friable,  separates  lye 
and  acquires  a  turbid,  bad  appearance,  and  in  freezing  weather 
this  defect  may  already  happen  with  the  use  of  one-fiflh  soda 
lye.  Furthermore,  while  the  clearness  of  the  soap  suffers  the 
more,  especially  under  the  influence  of  cold,  the  greater  the 
content  of  soda,  a  smaller  yield  is  also  obtained  and  the  pro- 
duct is  somewhat  more  expensive.  By  frequent  weighing  of 
different  boilings  it  has  been  ascertained  that  a  soap  prepared 
with  6  parts  of  potash  lye  and  1  of  soda  lye  yields  at  the  utmost 
230  pounds  of  soap  from  100  pounds  of  linseed  oil,  and  that 
the  yield  diminishes  in  a  certain  proportion  with  a  higher  per- 
centage of  soda  lye. 
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Suppose  a  soft  soap  boiled  from  linseed  oil  and  pure  potash 
lye  yields,  when  sufficiently  evaporated,  235  pounds,  and  a 
pure  soda  soap  only  190  pounds,  the  yield  with  the  use  of 
potash  and  soda  lyes  can  be  readily  calculated. 

1  part  soda  lye =    190  parts 

6  parts  potash  lye  ®  235 =  1410    '' 

7  ''     in .  1600    '^   =228J 

Or    1  part  soda  lye =     190  parts 

4  parts  potash  lye  @  235 =    940    '' 

5  "     in 1130    '*   =226 


Or    1  part  soda  lye =    190  parts 

2  parts  potash  lye  @  235 =    470 


k( 


3     "     in 660    "=  220 

Rosin  (5  to  15  pounds  to  100  pounds  of  oil)  is  frequently 
added  to  smooth,  transparent  soft  soap,  which  not  only  renders 
it  cheaper  but  also  gives  it  a  fine  luster.  The  rosin  is  either 
at  once  added  to  the  oil  in  the  kettle  and  saponified  with  it, 
or  is  introduced  with  the  required  quantity  of  lye  of  30°  B. 
(about  92  pounds  to  100  pounds  of  rosin)  into  the  soap  boil- 
ing up  finished,  and  combined  with  it  by  crutching.  The 
latter  process  is  chiefly  applied,  as  it  gives  paler  soaps  and  a 
somewhat  larger  yield,  though  the  soap  has  again  to  be  fitted 
after  adding  the  rosin.  On  the  other  hand,  by  boiling  the 
rosin  together  with  the  oil,  the  soap  becomes  somewhat  darker 
and  the  yield  somewhat  less,  but  the  rosin  is  better  incor- 
porated with  the  soap,  and  a  second  fitting  being  not  neces- 
sary the  operation  takes  less  time  and  is  surer. 

The  use  of  rosin  rendering  the  soap  considerably  softer,  it  is 
necessary  to  use  besides  potash  lye  a  corresponding  quantity 
of  soda  lye  of  24°  B.,  and  the  more  of  it  the  warmer  the 
season  of  the  year. 

Smooth  soft  soap  from  linseed-oil — In  many  parts  of  Northern 
Germany  a  smooth  soft  soap  of  a  red-yellow,  brown,  or  green 
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color  is  manufactured.  In  winter  the  soap  is  boiled  with 
potash  lye  alone  and  quite  strongly  fitted  with  potash  solution 
of  28^  B.,  which  not  only  protects  it  from  freezing,  but  some- 
what increases  the  yield.  If  rosin  is  to  be  worked  in  connec- 
tion witti  the  oil,  it  is  generally  saponified  with  soda  lye.  In 
the  warmer  season  of  the  year  oils  and  fats  containing  more 
stearin,  such  as  cottonseed  oil,  peanut  oil,  oleic  acid,  horse  fat, 
etc.,  are  frequently  worked  in  connection  with  linseed  oil, 
whereby  the  soap  acquires  a  better  consistency  and  greater 
power  to  resist  heat ;  some  soda  lye  being  also  used  as  may  be 
required. 

Although  in  the  hot  summer  months,  and  with  the  addition 
of  a  large  quantity  of  rosin,  up  to  one-third  of  soda  lye  is  re- 
quired, the  proportion  of  it  should  be  gradually  reduced  with 
the  approach  of  cooler  weather  and  entirely  stopped  in  the  cold 
season.  Care  must  be  exercised  in  the  addition  of  such  oils 
containing  stearin,  as  above  mentioned.  In  the  hot  summer 
months,  60  to  80  per  cent,  and  eventually  even  more  of  cot- 
tonseed oil  may  be  worked,  but  in  that  case  pure  potash  lye 
only  should  be  used. 

To  prepare  the  necessary  lye  for  the  saponification  of  1000 
pounds  of  linseed  oil  it  is  best,  in  order  to  be  provided  for  all 
contingencies,  to  use  500  pounds  of  96  per  cent,  potash  and  216 
pounds  of  lime.  The  lye  obtained  by  the  first  lixiviation  is 
generally  set  at  28°  B.  and  that  from  the  second  at  20°  B. 
Lye  of  an  average  strength  of  23°  B.  is  generally  used,  of  which 
for  the  saponification  of  100  pounds  of  linseed  oil  about  170 
pounds  (hence  100  pounds  of  20°  B.  and  70  pounds  of  28°  B.) 
are  required. 

The  boiling  of  the  soap  is  carried  on  as  follows :,  In  the 
evening  1000  pounds  of  linseed  oil  and  about  400  pounds  of 
lye  of  20°  B.  are  brought  into  the  kettle.  The  next  morning 
the  fire  is  started  and  the  oil  and  lye  are  from  time  to  time 
crutched  through.  When  the  mass  is  sufficiently  hot  an 
emulsion  will  be  formed  by  crutching,  the  contents  of  the 
kettle  begin  to  rise  somewhat,  and  combination  be  established, 
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the  latter  being  recognized  by  a  sample  not  yielding  lye  and 
running  from  the  paddle  like  a  thick  homogeneous  ointment 
When  thorough  and  intimate  combination  has  been  estab- 
lished, 300  pounds  more  of  lye  of  20°  B.  are  immediately 
added,  and  as  soon  as  they  have  combined  with  the  vest,  300 
pounds  more.  The  fire  is  now  increased,  and  about  650 
pounds  of  lye  of  28°  B.  are  introduced  in  three  or  four  por- 
tions, care  being  had  to  allow  each  portion  to  combine  before 
adding  the  next.  When  all  the  lye  has  been  brought  into  the 
kettle,  which  will  require  about  one  hour,  a  dark  but  quite 
clear  mass  (paste)  shows  itself  under  a  light  cover  of  froth. 
Though  a  sample  dropped  upon  glass  is  at  first  clear,  it  is  still 
very  thin  and  draws  threads,  and  on  cooling  acquires  a  turbid 
appearance  and  becomes  jelly-like.  The  froth  upon  the  sur- 
face of  the  soap  and  -the  condition  of  the  sample  indicate  that 
the  soap  still  contains  too  large  an  excess  of  water.  To  re- 
move this  the  fire  is  increased  and  the  soap  allowed  to  boil  up 
high  and  to  steam  vigorously.  The  soap  after  boiling  for 
some  time  appears  clearer,  thicker  and  shorter,  the  froth  upon 
the  surface  disappears,  and  the  soap  begins  to  "  talk,"  *  to  boil 
into  large  plates  and  to  break  into  roses. f  When  the  soap  is 
at  this  stage  thrown  with  the  paddle,  it  will  show  no  water 
bubbles  and  run  ofi^  in  raised  streaks,  and  break  short  from  the 
paddle  without  drawing  threads.  When  the  soap,  whilst  boil- 
ing very  gently,  shows  these  signs  and  a  sample  upon  a  glass 
plate  forms  a  small  heap  without  many  pearls  of  froth  or  air- 
bubbles,  evaporation  has  been  carried  sufBciently  far  and 
fitting,  i.  e.,  testing  the  soap  as  to  whether  the  oil  has  been 
completely  saponified  by  the  alkali,  is  proceeded  with.  This 
is  ascertained  with  greater  ease  with  soft  soaps  than  with  soda 
soaps,  as  the  latter  become  turbid  on  cooling. 

Every  drop  of  a  pure  oil  soap  shows  exactly  the  same  char- 

*  The  technical  term  for  the  noise  produced  hy  the  steam  developed  on  the 
bottom  of  the  kettle  in  forcing  its  way  through  the  thick  soap. 

t  The  thick  soap  on  the  place  where  the  steam  from  below  forceo  its  way 
through  resembles  an  expanding  rose. 
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acteristics  and  behavior  as  the  entire  contents  of  the  kettle, 
from  above  to  below,  would  show  only  after  a  few  days,  and 
therefore  the  most  accurate  observations  can  be  made  on  a  clear 
sample.  If  the  1650  pounds  of  lye  brought  into  the  kettle  have 
suflSced  for  the  saponification  of  the  1000  pounds  of  oil,  a  sample 
dropped  upon  glass  is  clear  and  translucent,  and,  when  held 
against  a  dark  background,  shows  **  flower  "  *  and  a  small  ring 
of  lye.t  If  the  sample  becomes  turbid  and  whitish,  and  glides 
or  is  slippery  on  the  glass,  it  is  an  indication  of  the  soap  contain- 
ing too  much  lye.  This  is  remedied  by  gradually  adding  oil 
to  the  boiling  soap,  until  a  sample  shows  the  above  character- 
istics of  well-fitted  soap.  It  is  best  to  emulsify  the  oil  with 
some  weak  lye  before  adding  it,  as  in  that  state  it  combines 
better  with  the  soap.  If,  on  the  other  hand,  the  sample  upon 
the  glass  is  clear,  but  without  *^  flower,"  it  is  a  sure  sign  that 
lye  is  wanting. 

After  thoroughly  examining  and  observing  the  samples, 
they  are  placed  in  the  cellar,  where  the  soap  is,  later  on,  to  be 
stored,  and  in  which  an  even  tem|)erature  of  from  50°  to  59®  F, 
should  prevail.  The  samples  of  soap  intended  for  the  warm 
season  of  the  year  are  generally  placed  near  the  ceiling  of  the 
cellar,  and  those  for  the  coldet  season  upon  the  floor.  Soap 
for  the  warmer  season  must  be  midly  fitted  lo  '*  small  flower,'* 
and  if  the  sample,  after  remaining  half  an  hour  in  the  cellar, 
is  short,  firm,  and  quite  clear,  it  is  correctly  fitted.  For  winter 
soaps  the  fresh  sample  may  show  a  somewhat  stronger  *^  flower," 
and  the  one  cooled  upon  the  stone  floor  of  the  cellar  a  consid- 
erable ring  of  lye ;  such  soap  better  resists  frost.  If,  however, 
the  sample  cooled  in  the  cellar  is  clear  around  the  edge  and 
shows  a  turbid,  milky  point,  the  so-called  "  fat-gray  "  in  the 
center,  some  lye  is  wanting.  This  is  remedied  by  carefully 
adding  to  and  boiling  with  the  soap  small  portions  of  lye,  until 
a  sample  dropped  upon  glass  and  cooled  in  the  cellar  is  entirely 
clear. 

*  The  appearance  of  a  striped  skin  or  \je  veins  on  the  surface  of  the  sample, 
t  A  white  ring  the  width  of  a  hair  surrounding  the  sample. 


328  MANUFACTURE   OF    SOAP. 

When  the  soap  boils  up  finished,  5  to  15  per  cent,  of  rosin 
with  the  required  quantity  of  lye  of  30°  B.  (about  92  pounds 
to  100  pounds  of  rosin),  may  be  added,  whilst  constantly 
stirring  and  keeping  the  fire-door  open.  The  soap  must  then 
be  again  fitted.  Soda-lye  is  generally  used  for  the  rosin.  In 
summer  it  is  advisable  not  to  exceed  10  per  cent,  of  rosin, 
though  in  winter,  and  for  soaps  strongly  filled  with  flour, 
somewhat  more  may  be  used. 

The  manufacture  of  smooth  transparent  soft  soap  from 
linseed  oil  having  above  been  described,  some  disturbances 
which  may  happen  in  its  preparation  may  be  mentioned. 

Although  the  previously  mentioned  proportion  of  lime 
will,  as  a  rule,  be  found  suitable,  instances  may  arise  where 
such  is  not  the  case.  The  "  proportion  of  lime  "  is  the  chief 
trouble  of  the  inexperienced  soap-boiler,  and  causes  him  fresh 
anxiety  with  every  boiling.  It  may  happen  that  the  lye  is 
actually  somewhat  too  caustic,  or  contains  too  much  carbonate, 
and  that  this  becomes  perceptible  in  the  soap-mass,  so  that  a 
small  correction  is  desirable.  Frequently,  however,  the 
opinion  that  the  proportion  of  lime  is  not  correct  is  based  upon 
a  momentary  deception,  and  the  unsatisfactory  appearance  of 
the  sample  upon  the  glass  is  due  to  other  causes,  especially  to 
insufficient  evaporation  and  want  of  lye-strength,  which  mis- 
leads the  inexperienced  soap-boiler,  and  makes  him  think  the 
lye  is  '*  too  high  in  lime.*'  He  will,  however,  acquire  the 
necessary  experience  and  accuracy  by  close  observation  and 
more  practice. 

That  the  soap  is  too  high  in  lime  is  recognized  by  its  boiling 
sluggishy  farther  down  in  the  kettle,  rising  only  with  a  very 
strong  fire,  and  running  from  the  paddle  in  broad,  viscid 
streaks,  and  a  sample  dropped  upon  glass  lying  high,  and 
being  turbid  and  gummy  after  cooling.  Normal  boiling  of 
the  soap  is  restored  by  successively  adding  potash-solution  of 
26°  B.,  until  the  samples  dropped  upon  glass  are  short,  firm, 
clear,  and  pliant.  Should,  on  the  other  hand,  the  soap  be 
"  to  low  in  lime,"  it  boils  up  high,  and  rises  ovei;,  so  that  it 
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can  be  scarcely  curbed,  has  a  thinly -fluid,  aqueous  appear- 
ance, and  a  sample  dropped  upon  glass  runs.  This  is  best 
remedied  by  an  addition  of  pure  caustic  potasb-lye,  or  weak 
caustic  tank-lye,  or,  when  the  soap  does  not  contain  too  much 
soda,  of  caustic  soda-lye  of  24*^  B.,  and  in  summer  also  by 
oleic  acid.  It  is,  however,  always  advisable  not  to  be  too 
hasty  in  making  corrections  in  the  proportion  of  lime,  but 
only  after  being  convinced  of  the  necessity  by  quite  a  strong 
evaporation  of  the  soap. 

Thickening  of  the  soap  may  also  be  briefly  referred  to.  Such 
thickening  especially  happens  after  combination  has  taken 
place,  and  is  due  to  the  weaker  more  caustic  lye  charged  to- 
gether with  the  oil  combining  with  the  latter  with  great  ease 
and  extreme  rapidity,  and  the  mass  is  then  lacking  in  phlegm. 
Hence  when  combination  sets  in  and  small  steam-bubbles 
making  a  noise  evolve  from  the  bottom  of  the  kettle,  more 
lye,  for  which  the  mass  shows  great  avidity,  has  to  be  quickly 
added  as  otherwise  the  entire  contents  of  the  kettle  will  lump 
together.  However,  if  the  soap  has  once  become  thick,  it 
liquefies  with  difficulty  notwithstanding  the  immediate  addi- 
tion of  a  larger  quantity  of  lye  and  some  lumps  will  not  dis- 

• 

solve  till  an  excess  of  lye,  i.  6.,  more  than  is  required  for  the 
saponification  of  the  stock  of  fat  in  the  kettle,  has  been  added 
to  the  soap  whilst  vigorously  boiling.  Somewhat  excessive 
boiling  does  no  harm,  the  soap  becoming  thereby  slightly 
paler,  while,  on  the  other  hand,  the  appearance  of  a  rather 
weak  soap  suff'ers  more  from  the  heat  of  the  kettle  when 
boiled  for  a  longer  time.  The  excess  of  lye-strength  in  the 
soap  can  near  the  end  of  the  operation  be  readily  overcome 
by  the  addition  of  some  oil. 

Great  attention  must  be  paid  to  the  sufficient  evaporation 
of  the  soap,  for  a  product  containing  too  much  water  remains 
soft,  and  on  storing  becomes  turbid  and  thin  and  draws 
threads.  The  soap  must  be  evaporated  until  no  more  froth 
is  visible  upon  the  surface,  and  samples  dropped  upon  glass 
show  but  few  pearls  of  froth  and  are  sufficiently  clear  and  firm  ; 
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small  traces  of  froth  on  the  walls  of  the  kettle  are  of  no  im- 
portance. 

Fitting  the  soap  is  aldo  of  importance  for  its  future  behavior. 
Soap  too  slightly  fitted  becomes  turbid,  soft,  and  liquid  in  the 
barrels,  while  when  too  strongly  fitted  it  becomes  short,  fri- 
able, and  eventually  separates  lye  on  the  surface.  In  fitting 
the  soap  the  season  of  the  year  at  which  it  is  to  be  sold  must 
be  especially  taken  into  consideration.  In  the  cold  season  of 
the  year  it  must  be  strongly  fitted  to  prevent  it  from  freezing ; 
in  summer,  however,  the  same  soap  cannot  be  too  mildly 
fitted,  as  it  would  liquefy  at  a  temperature  of  over  77°  F.  if  it 
did  not  contain  sufficient  soda  or  oils  containing  stearin.  In 
cold  weather  the  final  fitting  is  carried  out  as  much  as  possible 
with  potash  solution  of  28°  B.  A  sample  dropped  upon  glass 
may  show  a  strong  "  flower  "  and  ring  of  lye,  but,  of  course, 
fitting  must  not  be  carried  too  far.  In  summer  the  soap  is 
only  sufficiently  fitted  to  insure  its  keeping ;  a  sample  should 
show  only  slight  "  flower,"  and  after  cooling  remain  perfectly 
clear. 

The  proportion  of  soda  is  of  importance  as  regards  the  dur. 
ability  of  the  soap,  as  well  as  the  yield  and  the  profit  to  be 
derived  from  it.  While  formerly  the  consistency  of  the  soap 
was  regulated  by  the  use  of  softer  or  more  solid  fats  and  boil- 
ing with  potash  lye  alone,  at  the  present  time  the  same  oil  is 
frequently  used  both  in  summer  and  winter,  but  the  proportion 
of  the  soda  to  potash  is  changed.  Both  the  solidity  and  the 
yield  depend  on  the  use  of  the  soda,  however,  in  an  inverse 
ratio ;  the  more  soda  lye  is  used  the  more  firm  the  soap  be- 
comes, but  the  smaller  the  yield.  In  midsummer  about  50 
pounds  of  the  soda  lye  of  24°  B.  are  taken  for  every  100 
pounds  of  oil,  whereas  in  winter  at  the  utmost  25  pounds.  In 
continued  severe  weather,  and  when  working  silicate  of  soda 
and  oils  or  fats  containing  stearin  in  connection  with  the  oil, 
soda  lye  is  either  entirely  omitted  or  the  proportion  very  mueh 
reduced. 

When  rosin  is  added  to  the  soap,  as  is  generally  done,  80 
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poands  of  soda  lye  of  24°  B.  are  allowed  for  every  100  pounds 
of  it,  because  the  soap  would  become  too  soft  with  the  use  of 
potash  lye  for  the  saponification  of  the  rosin. 

Great  care  has  to  be  observed  in  the  use  of  soda  lye  for  soft 
soaps  in  winter,  because  when  too  much  of  it  is  taken  it  will 
be  detrimental  to  the  appearance  of  the  soap;  it  becomes  too 
short,  does  not  hold  the  lye,  but  lets  it  go,  presents  a  crummy 
and  yellow  appearance  and  becomes  unsalable. 

In  conclusion  it  may  be  said  that  the  process  of  preparing 
all  kinds  of  soft  soap,  no  matter  what  name  may  be  applied  to 
them,  is  exactly  the  same  as  that  described  for  the  product 
from  linseed  oil,  and  that  in  order  to  obtain  a  firm  and  stable 
article,  due  consideration  has  to  be  given  to  the  proportion  of 
lime,  content  of  moisture,  fitting  and  prevailing  temperature. 

Artificial  fig  soap. — In  commerce  this  soap  occurs  of  a  yellow, 
green  or  brown  color.  It  differs  very  much  as  to  quality,  some 
products  being  transparent  and  unfilled,  while  others  contain 
varying  quantities  of  filling.  For  its  preparation  serve  lin- 
seed, cameline,  cottonseed,  rape,  sesame,  peanut  and  sulphur- 
olive  oils,  and  sometimes  also  oleic  acid,  saponification  being 
effected  with  potash  lye  and  eventually  with  20  to  25  percent, 
soda  lye.  As  a  rule,  10  to  15  per  cent,  of  dark  or  pale  rosin 
is  used  in  connection  with  the  oils.  The  artificial  figging 
used  for  this  soap  is  usually  prepared  from  chalc  or  thor- 
ougly  burnt  lime.  Of  the  chalc  figging  various  sizes  are 
found  in  commerce.  It  is  hard,  dissolves  with  diflSculty,  and 
sinks,  when  using  the  soap,  to  the  bottom  of  the  wash-tub. 
Lime  figging,  on  the  other  hand,  shows  none  of  these  disagree- 
able properties,  but  as  it  cannot  be  had  in  commerce  because 
the  lime  when  exposed  to  the  air  or  moisture  readily  slakes, 
the  soap-boiler  has  to  prepare  it  himself.  For  this  purpose 
well-burnt  lime  is  pounded,  passed  through  a  medium-meshed 
wire  sieve,  and  then  freed  from  lime  dust  by  means  of  a  hair- 
sieve.  The  small  irregular  pieces  remaining  in  the  hair-sieve 
form  the  figging,  and  are  preserved  for  future  use  in  a  large 
well-stoppered  carboy.     Later  on  3J  to  14  ounces  of  them  are 
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are  added  to  about  200  pounds  of  the  soap  when  somewhat 
cooled.  The  lime  soon  slaking  in  the  warm,  liquid  soap  ex- 
pands and  forms  figging  similar  to  the  natural  one. 

Yellow  artificial  fig  soap. — This  is  a  golden-yellow,  trans- 
parent soap,  which  is  chiefly  prepared  from  refined  cottonseed 
oil  and  bleached  linseed  oil  and  potash  lye,  some  crude  palm 
oil  being  generally  used  for  coloring. 

The  soap  is  prepared  in  a  similar  manner  as  given  for 
smooth,  transparent  soft  soap.  Combine  1000  pounds  of  oil 
with  lye  of  15°  to  16°  B.  over  a  moderate  fire.  When  com- 
bination is  established,  add  quickly  more  lye  of  20°  to  24®  B. 
in  portions  of  200  to  300  pounds,  allowing  one  portion  to  com- 
bine before  adding  the  next,  until  a  clear  paste  is  formed. 
The  fire  being  increased,  allow  the  mass  to  boil  high,  whereby 
the  froth  will  gradually  disappear  and  the  paste  improve  in 
clearness  and  consistency.  By  continued  boiling  the  soap  will 
soon  be  freed  from  superfluous  water  and  froth,  boil  in  large 
plates,  audibly  "  break  into  roses,'*  and,  when  thrown  with 
the  paddle,  break  ofi^  short  and  have  a  woolly  appearance.  At 
this  stage  the  palm  oil  required  for  coloring  is  added  to  the 
white  soap  while  gently  boiling,  and  the  latter  then  fitted  to 
**  flower."  With  a  correct  fit,  samples  upon  the  glass  must 
show  a  "  perceptible  flower,"  and  after  cooling  be  clear,  short, 
and  firm. 

If  the  samples  are  transparent  on  the  surface  but  turbid  in 
the  center,  the  soap  is  too  weak,  and  lye  has  to  be  carefully 
added  until  it  shows  suflScient  **  flower  "  and  remains  clear  on 
cooling.  If,  however,  the  sample  runs  over  quickly,  is  turbid 
after  cooling,  and  short  and  slippery  upon  the  glass,  the  soap 
is  too  sharp,  and  oil  mixed  with  weak  lye  has  to  be  added  until 
a  sample  remains  entirely  clear  after  cooling. 

Crutch  into  the  finished  soap,  cooled  to  about  167°  F.,  5  to 
6  pounds  of  artificial  figging  and  pour  into  dry  barrels. 

Gi'een  artificial  fig  soap. — Formerly  this  soap  was  prepared 
from  hempseed  oil,  but  as  the  supply  of  this  oil  decreased,  lin- 
seed oil  was  substituted  and  the  resulting  yellow  soap  colored 
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green  chiefly  with  indigo  prepared  in  the  following  manner : 
For  a  stock  of  1000  pounds  of  oil  from  8  to  10  ounces  of  a  good 
grade  of  indigo  were  rubbed  fine  and  boiled  with  lye  of  23° 
to  24°  B.  until  the  whole  had  acquired  a  soapy  consistency. 
A  drop  of  this  boiled  indigo  added  to  a  glassful  of  rain  or  river 
water  had  to  produce  a  green  coloration  ;  if  the  water  acquired, 
however,  a  more  bluish-green  color,  some  more  lye  was  added 
to  the  indigo  and  the  whole  boiled  for  some  time  longer.  The 
indigo  thus  prepared  was  diluted  with  some  lye  and  added  to 
the  finished  soap,  giving  it  a  beautiful  green  color. 

In  modern  times  the  soap  is  generally  colored  with  ultra- 
marine blue  mixed  with  water  or  lye,  2000  pounds  of  oil  re- 
quiring about  1  to  2  pounds  of  ultramarine  for  prime  green 
soap. 

Besides  indigo  or  ultramarine-blue,  chlorophyll,  as  well  as 
the  very  intense  hot  water-soluble  greens  F  and  M  are  also  used 
for  coloring  soft  soaps  green.  A  permanent  fine  green  color 
may  also  be  imparted  by  boiling  together  with  the  stock  about 
10  per  cent,  of  sulphur  olive  oil.  For  winter  soaps  this  oil, 
which  is  very  rich  in  stearin,  must  previously  be  prepared  as 
follows :  Heat  the  oil,  bring  it  into  a  barrel  and  cover  the 
latter.  In  about  eight  days  the  solid  portions  of  stearin  and 
palmitin  settle,  and  the  liquid  supernatant  oil  is  used  for 
winter  soaps  and  the  solid  portion  for  summer  soaps. 

In  winter  linseed  and  cameline-oils  alone  are  used  for  the 
preparation  of  green  soap ;  in  summer  a  part  of  these  oils  is, 
however,  replaced  by  cotton-seed  oil,  rape-oil,  and  sesame  oil, 
as  well  as  by  horse-fat  and  train-oil.  In  winter  the  soap  is 
generally  boiled  with  potash  lye  alone,  but  in  summer  20  to 
30  per  cent,  of  soda  lye  is  used  to  give  the  soap  a  better  con- 
sistency. At  the  approach  of  the  colder  season  of  the  year 
the  addition  of  soda  lye  must  be  gradually  diminished,  as 
otherwise  the  soap  might  become  turbid  and  slippery ;  for 
heavily  filled  soaps  little  soda  lye  is  used. 

The  lyes  are  prepared  in  the  same  manner  as  for  other  soft 
soaps.     The  lime  is  slaked  in  hot  tank  lye  of  7®  to  8°  B.  and 
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the  potash  dissolved  in  the  resulting  milk  of  lime.  Since  100 
pounds  of  96  per  cent,  potash  saponify  about  270  pounds  of 
oil,  about  400  pounds  of  96  per  cent,  potash  are  required  for 
1000  pounds  of  oil,  and  about  170  pounds  for  causticizing  the 
potassium  carbonate.  However,  in  order  to  have  some  lye  in 
reserve  in  case  of  emergency,  it  is  advisable  to  set  500  pounds 
of  96  per  cent,  potash  and  215  pounds  of  lime.  The  soap  is 
boiled  with  an  average  lye  of  23°  to  24°  B.,  about  160  to  165 
pounds  being  requird  for  the  saponification  of  100  pounds  of 
oil.  With  the  use  of  50°  caustic  potash  lye  about  18  lbs.  of 
refined  96  per  cent,  potash  are  required  for  every  100  lbs.  of 
it  to  reduce  causticity.  If  the  soap  is  to  be  filled  the  addition 
of  potash  is  suitably  reduced — about  J  to  J. 

The  soap  is  prepared  as  follows :  Bring  1000  lbs.  of  oil  to- 
gether with  400  lbs.  6f  lye  of  18°  to  20°  B.  into  the  kettle  and 
allow  to  stand  over  night,  a  kind  of  emulsion  being  thereby 
formed.  The  next  morning  combine  the  oil  and  lye  by 
moderate  boiling,  and  when  combination  is  established  add 
more  lye.  By  careful  firing  and  adding  lye  at  the  proper 
time  thickening  of  the  mass  is  prevented.  After  gradually 
adding  more  lye  of  27°  to  28°  B.,  and  increasing  the  fire, 
paste  is  formed,  which  will  become  clearer  and  of  a  better  con- 
sistency by  the  addition  of  more  lye  and  continued  boiling. 
The  required  lye  having  been  gradually  added,  the  fire  is  in- 
creased and  the  soap  thoroughly  boiled  to  remove  the  super- 
fluous water.  With  a  kettle  wide  on  the  top,  which^ offers  to 
the  clear  boiling  soap  a  large  surface  for  evaporation,  the  work 
proceeds  rapidly,  the  froth  will  soon  disappear,  and  the  soap 
boil  in  plates  and  commence  to  "talk."  The  soap  is  finally 
fitted  to  a  **  good  flower,"  so  that  a  cooled  sample  is  clear  and 
firm  and  does  not  become  turbid  after  standing  for  some  time. 

Soap  suflSciently  evaporated  and  boiled  to  a  finish  should 
not  show  froth  on  the  surface,  should  boil  in  large  plates, 
audibly  break  into  roses,  when  curbed  show  no  bubbles,  and 
run  from  the  paddle  held  in  a  perpendicular  position  in  raised 
streaks  breaking  off  short.     A  sample  upon  glass  should  have 


SOFT   SOAPS.  335 

flower,  and  after  cooling  and  lying  for  some  time  be  sufficiently 
short  and  firm.  If  the  soap  is  not  to  be  further  augmented, 
lyes  containing  more  carbonic  acid  are  used  for  them,  espe- 
cially in  winter,  the  result  being  not  only  a  better  appearance 
of  the  soap  but  it  also  becomes  more  transparent  and  is  better 
protected  against  frost.  If,  on  the  other  hand,  the  soap  is  to 
be  augmented  by  the  addition  of  rosin  or  silicates  more  caustic 
lye  and  more  vigorous  evaporation  are  required. 

If  rosin  is  to  be  added  to  the  soap,  about  100  pounds  of 
comminuted  pale  rosin,  together  with  92  pounds  of  lye  of  20° 
B.,  are  added  to  the  finished  soap  and  the  whole  boiled  through. 
The  soap  is  then  once  more  carefully  fitted.  The  addition  of 
rosin  renders  the  soap  soft,  and  it  is  necessary  to  use  one-fifth 
to  one-third  of  soda  lye  of  24°  B.,  according  to  the  season  of 
the  year  and  the  amount  of  rosin. 

The  finished  soap  is  colored  in  the  manner  previously  de- 
scribed and  allowed  to  rest  for  some  time.  When  cooled  to 
about  155°  to  167°  F.  the  lime-figging  (1  pound  to  1000 
pounds  of  oil)  is  crutched  in,  the  soap  perfumed  with  some  oil 
of  rairbane,  and  then  poured  into  dry  barrels. 

A  second  quality  of  green  soap  with  a  yield  of  300  to  325 
lbs.  for  every  100  lbs.  of  oil  is  made  in  the  same  manner,  but 
10  to  15  per  cent,  pale  American  rosin  and  flour  filling  are 
used,  and  for  1000  lbs.  of  oil-stock  the  basis  soap  is  first  col- 
ored with  2  ozs.  of  soap-yellow,  and  1  to  IJ  lbs.  of  ultramarine 
blue  are  then  stirred  in  together  with  the  potato-flour.  Double 
the  quantity  of  lime-figging  has  to  be  crutched  into  such  filled 
soap. 

Brown  artificial  fig  soap  is  also  found  in  commerce.  It  is 
prepared  by  boiling  dark  rosin  or  some  wool-fat  together  with 
the  oil,  or  coloring  the  finished  soap  with  sugar  color. 

Natural  fig  soap.  This  is  without  doubt  the  best  of  all  kinds 
of  soft  soap.  Its  manufacture  is,  however,  connected  with 
difficulties,  and  the  knowledge  required  for  the  preparation  of 
a  uniform  and  fiaultlesB  product  can  only  be  acquired  by  con- 
siderable experience  and  close  observation  in  boiling. 
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In  the  manufacture  of  this  soap  both  hard  fats  containing 
stearin  and  softer  fats  and  oils  are  used,  the  first  yielding  the 
''  figging ''  and  the  latter  the  basis-soap.  Good  materials  only 
should  be  used,  the  tallow  especially  requiring  to  be  as  fresh 
as  possible  and  free  from  dirt  and  acidity.  Old  tallow  which 
has  undergone  a  partial  decomposition  should  be  purified  and 
prepared  before  use.  This  is  done  by  melting  it  and  then  heat- 
ing to  189.5°  F.,  and  adding,  with  constant  stirring,  1 J  pounds 
of  soda  lye  of  38°  B.,  previously  mixed  with  about  7  ounces 
of  common  salt  for  every  100  pounds  of  tallow.  When  the 
tallow  has  somewhat  subsided,  add  boiling  water  (6  pounds  to 
100  pounds  of  tallow),  cover  the  kettle,  and  after  standing  a 
few  hours  take  the  tallow  off:  Tallow  prepared  in  this  man- 
ner is  well  adapted  for  the  manufacture  of  natural  fig  soap. 
If  the  soapmaker  is,  however,  forced  to  use  large  quantities  of 
old  tallow  without  being  able  to  purify  it  before  use,  it  is  ad- 
visable to  work  somewhat  more  carbonated  lyes,  any  excess  of 
carbonic  acid  being  expelled  in  boiling  the  soap  by  the  free 
oleic  acid  of  the  tallow.  Horse-fat,  lard  and  bone-fat,  which 
are  frequently  used,  especially  in  summer,  to  make  the  soap 
more  compact  and  able  to  resist  the  heat,  must  also  be  purified 
before  use. 

Other  materials  used  are  clear  linseed  oil,  or  cameline  oil, 
and  in  summer  one  part  of  thoroughly  refined  cotton-seed  oil. 
Saponified  oleic  acid,  which  otherwise  is  an  excellent  material 
in  connection  with  other  oils,  especially  for  milling  soaps,  is 
apt  to  make  the  soap  somewhat  dark,  and  must  therefore  be 
omitted  where  a  light  product  is  demanded. 

The  potash  used  in  the  manufacture  of  this  soap  should  not 
contain  more  than  two  to  three  per  cent,  of  soda,  as  otherwise 
the  figging  will  be  small  and  feathery,  and  the  soap  may  even 
turn  out  entirely  smooth.  It  is  therefore  advisable  to  procure 
from  a  reputable  firm  96  to  98  per  cent,  potash  guaranteed  to 
contain  only  one-half  per  cent,  of  soda. 

For  the  preparation  of  the  lyes  thoroughly  burnt  lime  free 
from  sand  and  grit  is  required.     Slake  the  lime  with  hot  tank- 
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lye  of  6**  to  8°  B.  and  dissolve  in  this  the  required  quantity  of 
96  per  cent,  potash.  With  good  lime,  and  tolerably  good 
water,  44  to  45  pounds  of  lime  suffice  in  summer  for  100 
pounds  of  96  per  cent,  potash,  and  40  to  42  pounds  in  winter. 

A  solution  of  400  pounds  of  96  per  cent,  potash  is  sufficient 
for  a  stock  of  1000  pounds  of  fats.  Prom  100  pounds  of  96 
per  cent,  potash  500  pounds  of  lye  of  24°  B.  are  on  an  average 
obtained,  155  to  160  pounds  of  which  saponify  100  pounds 
of  fat. 

The  portion  of  the  lye  first  obtained  by  dissolving  the  pot- 
ash is  drawn  off  and  set  at  27°  to  28°  B.,  and  is  used  for  boil- 
ing and  filling,  while  the  second  portion  is  set  at  17°  to  18° 
B.,  and  employed  as  combining  lye.  Lye  of  less  strength  than 
17°  B.  is  as  a  rule  not  used,  because  two  much  moisture  would 
have  to  be  evaporated  and,  besides  lyes  of  12°  to  15°  B.  contain 
a  considerable  quantity  of  foreign  salts  in  solution  which  in 
boiling  act  the  same  as  carbonates,  and  frequently  exert  even 
a  stronger  influence.  If  nevertheless,  the  weaker  tank  lyes 
are  to  be  utilized  it  is  advisable  to  evaporate  them  to  about 
25°  B.,  the  salts  precipitating  from  such  more  concentrated 
lye. 

When  the  lyes  have  been  prepared  a  fixed  quantity  of  stock 
is  made  ready  for  boiling.  The  composition  of  the  stock 
varies  very  much  and  depends  on  whether  the  soap  is  to  be 
boiled  for  the  colder  or  warmer  season  of  the  year,  whether  a 
larger  or  smaller  figging  is  desired,  and  whether  the  soap  is  to 
be  of  a  more  light  or  dark  yellow  color. 

As  regards  the  figging  it  must  be  borne  in  mind  that  its 
size  in  properly  boiled  soaps,  t.  e.  in  soaps  in  which  the  con- 
tent of  water,  the  proportion  of  carbonic  acid  and  the  fitting 
are  correct,  depends  entirely  on  the  combination  of  the  stock 
of  fat.  The  more  fat  rich  in  stearin  is  used  in  proportion  to 
oil|  the  more  figging  is  obtained  in  the  soap,  though  it  will 
also  be  accordingly  denser  and  smaller,  because  space  for  its 
greater  development  is  lacking. 

Below  some  stocks  suitable  for  various  conditions  are  given: 
22 
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1.  For  pah  yellow  soap  with  rice-like  fygir,^.  In  mmmer: 
Tallow  35  per  cent,  crude  palm  oil  3,  pale  horse  fat  or  hog 
fat  16,  cottonseed  oil  16,  pale  linseed  oil  30. 

In  winter:  Tallow  35  per  cent.,  crude  palm  oil  2,  cotton- 
seed oil  15,  pale  linseed  oil  48. 

2.  For  dark  yellow  soaps  with  rice- like  Jigging.  In  summer: 
Tallow  36  per  cent.,  crude  palm  oil  2,  horse  fat  20,  linseed 
oil  42. 

In  winter :  Tallow  35  per  cent.,  crude  palm  oil  3,  linseed 
oil  62. 

3.  For  pale  soaps  with  small  rye- like  Jigging,  In  summer: 
Tallow  48  per  cent.,  crude  palm  oil  2,  cottonseed  oil  15,  pale 
linseed  oil  35. 

In  winter:  Tallow  40  per  cent.,  crude  palm  oil  1,  horse  fat 
or  hog  fat  10,  pale  linseed  oil  50. 

4.  For  dark  soap  with  small  rye^ike Jigging,  In  summer: 
Tallow  45  per  cent.,  crude  palm-oil  5,  linseed-oil  or  cameline- 
oil  50. 

In  winter :  Tallow  40  per  cent.,  crude  palm-oil  5,  linseed-oil 
or  cameline-oil  55. 

5.  For  soap  with  a  beavJtiJul  medium  Jigging,  In  summer: 
Tallow  40  per  cent.,  cotton-seed  oil  25,  pale  linseed-oil  or 
cameline-oil  35,  crude  palm-oil  for  coloring  1  to  2. 

In  ivinter :  Tallow  40  per  cent.,  linseed-oil  or  cameline-oil 
60,  crude  palm-oil  for  coloring  1. 

6.  For  soaps Jor  milling  purposes.  In  summer:  Tallow  34 
per  cent.,  palm-oil  6,  oleic  acid  40,  cotton-seed  oil  20. 

In  winter  :  Tallow  30  per  cent.,  palm-oil  5,  horse  fat  or  oleic 
acid  30,  peanut  oil  or  bleached  linseed-oil  35. 

Before  entering  upon  the  description  of  the  process  of  boil- 
ing natural  fig  soap,  the  conditions  that  have  to  be  closely 
observed  in  order  to  obtain  a  good  product  may  be  briefly 
referred  to.  Special  attention  must  be  paid  to  the  proportion 
of  lime  required,  the  necessary  content  of  moisture  and  normal 
fitting. 

As  mentioned  in  speaking  of  smooth  transparent  soaps,  a 
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salable  soft  soap  cannot  be  prepared  from  pure  caustic  potash 
lye,  as  the  result  would  be  a  gummy,  viscid  mass.  To  pre- 
vent this  viscidity,  and  to  give  the  product  the  required 
pliancy  and  salve-like  consistency,  a  suflBcient  quantity  of 
potassium  carbonate  in  solution  must  be  present,  which,  by 
depositing  itself  between  the  atoms  of  soap,  loosens  the  com- 
bination. This  holds  also  good,  but  in  a  still  greater  degree, 
as  regards  natural  fig  soap.  In  the  preparation  of  this  soap, 
^  to  }  tallow  is  used,  which  always  contains  more  or  less  free 
fatty  acid,  and  for  this  reason  such  soap  must  contain  a  pro- 
portionally larger  quantity  of  potassium  salts  in  solution  than 
smooth  transparent  soap,  and  the  more  so  as  on  this  depends 
the  ability  of  the  potassium  stearate  (figging)  to  move  and 
develop,  or,  in  other  words,  the  possibility  of  crystallization 
and  the  formation  of  figging.  Hence  the  more  solid  fat  rich 
in  stearin  (tallow,  etc.)  in  proportion  to  soft  fat  (oil,  etc.)  is 
used,  the  more  carbonate  the  lyes  employed  for  saponification 
must  contain. 

In  the  foregoing  too  great  causticity  in  the  soap  has  been 
referred  to,  and  now  the  opposite  case  will  have  to  be  con- 
sidered. As  previously  mentioned,  the  potassium  salts,  by 
depositing  themselves  between  the  atoms  of  the  soap,  some- 
what loosen  the  combination  and  break  up  the  viscidity. 
The  more  potassium  salts  are  introduced  into  the  soap-mass, 
the  looser  and  softer  the  latter  naturally  becomes,  and  with  a' 
further  increase  of  potassium  salts,  combination  is  effectually 
destroyed,  the  potassium  salts  are  eliminated  and  the  soap 
becomes  finally  salted  out.  Hence,  in  order  not  to  destroy  the 
consistency  of  the  soap-mass,  the  potassium  salts  must  always 
be  present  only  in  a  fixed  proportion  to  the  caustic  potash. 

The  tank  lyes  prepared  by  the  soapboiler  himself  contain 
the  more  carbonic  acid  (hence  are  lower  in  lime)  the  more 
high-graded  they  are  and  are  the  more  caustic  (hence  higher 
in  lime)  the  weaker  they  are.  Pure  caustic  lyes,  as  previously 
mentioned,  are  not  serviceable  for  the  manufacture  of  soft 
soap,  and  they  must  always  contain  a  definite  portion  of  car- 
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bonates  in  solution.  Tank-lyes  possess  these  requisites  and  in 
order  to  establish  the  required  proportion  between  caustic  pot- 
ash and  carbonate  of  potash,  and  to  obtain  a  good  product,  all 
that  is  necessary  is  the  correct  use  of  suitable  quantities  of  a 
lyes  more  caustic  and  of  one  containing  more  carbonic  acid. 

For  the  manufacture  of  natural  fig  soap,  as  previously  men- 
tioned, lye  of  16°  to  18°  B.,  being  more  caustic,  is  used  as 
combining  lye,  and  one  of  28°  to  30°  B.,  containing  more 
carbonic  acid,  as  boiling  lye,  and  in  order  to  be  quite  right  as 
regards  the  proportion  of  lime,  enough  of  both  kinds  is,  as  a 
rule,  taken  to  make  an  average  lye  of  23°  to  24°  B. 

The  operation  of  boiling  with  ease  and  rapidity  with  the 
use  of  an  average  lye  of  23°  to  24°  B.  is  as  follows :  After  once 
using  a  certain  lye-pot  for  a  boiling  of  soap,  it  will  be  known 
how  many  potfuls  of  lye  of  23°  to  24°  B.  are  required  for  the 
saponification  of  say,  220  pounds  of  fat.  By  noting  the  num- 
ber of  pots,  th,e  quantity  of  lye  required  for  the  next  boiling 
can  be  quickly  brought  into  the  kettle,  and  evaporation  of  the 
soap  proceeded  with.  Suppose  a  stock  of  2200  pounds  of  fat 
is  brought  into  the  kettle,  and  8  pots  of  lye  of  24°  B.  are  re- 
quired for  the  saponification  of  220  pounds  of  fat,  then  34  pots- 
ful  of  lye  of  18°  B.  are  added  to  the  fat  in  the  kettle,  and 
combination  is  promoted  by  crutching  over  a  moderate  fire, 
A  thorough  combination  between  fat  and  lye  being  established, 
42  potfuls  of  lye  of  28°  B.  are  gradually  added  in  portions  of 
10  to  12  potfuls  with  vigorous  boiling,  whereby  paste  will  be 
formed.  After  thoroughly  boiling  the  soap,  about  5  potfuls 
of  lye,  which  are  still  required,  are  gradually  added,  and,  a 
sample  being  from  time  to  time  taken  upon  the  glass,  the  suffi- 
ciently evaporated  soap  is  finally  fitted  to  a  **  slight  flower." 

The  average  lye  is  calculated  in  the  following  manner,  ac- 
cording to  the  number  of  potfuls  of  lye  of  18°  and  28°  B.  which 
were  required  for  the  complete  saponification  of  the  fat : — 

84  X  18** =612 

46  X  28« =  1808 


80  divided  into         ....  1920  =  24 
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Hence,  by  dividing  80  (the  number  of  potfuls  of  lye  used) 
into  1920,  the  figure  24  is  obtained,  which,  in  this  instance  in- 
dicates the  strength  of  the  average  lye. 

The  process  of  boiling  these  soaps  and  the  contingencies 
which  may  arise  during  the  operation  will  now  be  discussed. 

When  with  the  use  of  a  moderate  fire  combination  has  been 
established,  lye  of  28^  B.  must  be  at  once  added  as  otherwise 
the  soap  might  readily  thicken,  and  this  addition  of  lye  is 
continued  till  paste  is  gradually  formed.  The  soap  is  now 
allowed  to  boil  high  for  the  evaporation  of  superfluous  water. 
After  adding  almost  the  entire  quantity  of  lye  still  required, 
and  boiling  for  some  time,  the  soap  will  become  thicker, 
clearer,  and  shorter.  The  froth  upon  the  surface  of  the  soap, 
which  is  an  indication  of  excess  of  water,  will  gradually  dis- 
appear, the  soap  commence  to  boil  in  larger  plates  and  audi- 
bly break  into  roses. 

While  the  soap  is  boiling  notice  has  to  be  taken  as  to 
whether  it  stands  "  correct  in  lime."  Soap  "  too  high  in  lime," 
even  if  thoroughly  evaporated,  is  viscid  and  gummy  after 
standing  a  few  hours,  and  remains  turbid  and  figs  badly  ; 
soap  "  too  low  in  lime  "  figs  quickly,  but  shows  a  small  and 
more  round  figging,  and  the  transparent  basis-soap,  lacking 
the  required  cohesion  and  consistency,  becomes  readily  soft 
and  syrupy. 

Soap  **  too  high  in  lime  "  boils  sluggishly  lower  down  in  the 
kettle,  and  rises  only  with  a  very  strong  fire.  Further,  the 
soap  runs  from  the  paddle  in  broad  viscid  streaks,  and  a 
sample  dropped  upon  the  glass  will  pile  up  high,  congeal 
.quickly,  and  be  gummy  and  viscid.  On  the  other  hand,  if 
the  soap  is  "too  low  "  in  lime,  it  boils  up  high,  rises  over,  is 
thinly-fluid,  and  samples  dropped  upon  the  glass  spread  out. 
Soap  "  correct  in  lime  "  boils  easily  and  nicely,  runs  readily 
from  the  paddle  in  raised  streaks,  lies  for  some  time  upon  the 
glass,  so  that  the  rings  formed  can  be  observed  until  cooling ; 
the  cooled  sample  breaks  short  like  grained  soap.  Hence,  if 
natural  fig  soap  does  not  boil  normally,  solution  of  potash  of 
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28°  B.  or  caustic  potash  lye  of  23°  B.  must  be  added  accord- 
ing to  requirement  until  it  shows  the  requisite  properties. 

When  the  soap  audibly  "  breaks  into  roses ''  and  shows  a 
correct  proportion  of  lime,  attention  must  be  directed  towards 
evaporation.  A  soap  too  strongly  evaporated,  and  conse- 
quently deprived  of  the  necessary  content  of  water,  figs  very 
slowly  and  with  difficulty,  and  sometimes  not  at  all,  on  ac- 
count of  being  too  solid.  If,  on  the  other  hand,  the  soap  has 
sufiicient  moisture,  the  separation  of  the  potassium  stearate 
(figging)  takes  place  with  corresponding  rapidity  and  regu- 
larity. In  evaporating,  the  soap-boiler  must  principally  be 
guided  by  the  composition  of  the  stock  of  fats ;  the  more  solid 
fat,  which  fixes  moisture,  has  been  used  the  less  the  soap  is  to 
be  evaporated.  It  is  sufiiciently  evaporated  when  it  boils  in 
plates,  audibly  "  breaks  into  roses,'*  runs  from  the  paddle  in 
raised  streaks,  and  slips  ofi*  from  it  short  and  without  spinning 
(drawing  threads).  It  should  also  adhere  in  small  drops  to 
the  finger  dipped  into  a  sample  upon  the  glass. 

The  soap  being  sufiiciently  evaporated,  it  is  adjusted  to 
**  fiower."  Samples  upon  the  glass  must  show  a  "  perceptible 
flower,"  be  clear  and  firm  after  cooling,  and  after  standing  for 
some  time  appear  no  longer  bright,  but  as  if  breathed  upon. 
Special  care  must  be  had  in  fitting,  for  if  the  soap  is  too  sharp 
the  more  delicate  crj^stals  of  palmitic  acid  contained  in  the 
fats,  which  are  actually  intended  to  make  the  soap  more  com- 
pact, would  also  incline  towards  the  formation  of  figging,  so 
that  the  soap  would  contain  too  much  and  wild  figging,  and, 
further,  become  slippery  and  separate  lye.  On  the  other  hand, 
soap  too  slightly  fitted,  though  forming  good  figging,  readily 
becomes  soft  and  liquid.  The  soap  is  too  sharp  when  a  sample 
upon  the  glass  runs  over  immediately  and  clarifies  with  diffi- 
culty or  not  at  all ;  it  is  too  weak  when  a  sample  upon  the 
glass  is  not  entirely  clear  after  cooling,  but  shows  a  turbid 
point — the  so-called  "fat  gray" — in  the  center.  Any  neces- 
sary correction  is  made  by  adding  fat,  or  lye  of  24°  B.,  as  may 
.  be  required.  A  sample  upon  the  glass  must  show  just  suffi- 
cient "  fiower  "  to  insure  the  durability  of  the  soap. 
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If  the  soap  is  to  be  colored,  the  necessary  quantity  of  crude 
palm  oil,  together  with  the  required  quantity  of  lye,  is  added 
towards  the  end  of  boiling. 

The  finished  soap  is  allowed  to  rest  for  some  time,  slightly 
perfumed  with  oil  of  mirbane,  and  then  poured,  at  a  tempera- 
ture of  about  155°  F.,  into  the  barrels.  The  yield  of  unfilled 
natural  fig  soap  amounts  to  from  235  to  240  pounds  from  100 
pounds  of  fat. 

The  barrels  containing  the  soap  are  then  brought  into  the 
cellar,  the  temperature  of  which  must  be  kept  at  from  54.5°  to 
66°  F.  in  order  to  promote  the  formation  of  figging.  At  below 
54.5°  F.  the  crystals  in  the  soap  would  congeal  too  quickly, 
and  at  over  66°  F.  remain  in  solution.  The  figging,  which  is 
a  crystalline  separation  of  potassium  stearate  and  palmitate, 
forms  in  three  to  eight  weeks,  according  to  the  proportion  of 
tallow  in  the  soap. 

It  may  finally  be  remarked  that  in  boiling  natural  fig  soap 
the  temperature  of  the  various  seasons  of  the  year  must  be 
taken  into  consideration,  as,  for  instance,  soap  boiled  in  sum- 
mer sometimes  becomes  turbid  and  wet  by  October.  There  is 
no  one  method  of  boiling  natural  fig  soap  that  is  suitable  for 
all  cases,  it  being  necessary  to  take  into  consideration  the 
composition  of  the  stock  of  fat  and  the  proportion  of  lime 
required  for  the  appropriate  season  of  the  year. 

Alabaster  natural  fig  soap.  Under  this  name  a  soap  is 
brought  into  commerce  which  shows  snow-white  figging  in  a 
whitish-yellow,  very  transparent  basis-soap.  It  is  very  pure 
and  of  fine  quality,  as  by  filling  it  would  sufier  in  appearance 
and  formation  of  figging. 

The  stock  for  this  soap  consists  best  of  1  part  prime  mutton 
tallow  and  2  parts  prime,  pale  cotton-seed  oil.  It  is  advisable 
to  use  caustic-potash  lye  of  50°  B.,  and  for  reducing  the  caus- 
ticity about  20  per  cent,  of  refined  98  per  cent,  potash  free 
from  soda  is  required.  The  boiling  lye  for  the  soap  is  mostly 
set  at  25°  B.,  and  150  lbs.  of  it  are  necessary  for  100  lbs.  of 
slock  of  fat.  The  combining  lye  is  readily  obtained  by  adding 
the  necessary  quantity  of  water  to  the  lye  of  25°  B. 
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The  soap  is  prepared  like  every  other  kind  of  natural  fig 
soap.  For  instance,  800  pounds  of  best  quality  of  mutton 
tallow  and  about  1600  pounds  of  prime  pale  cottonseed  oil  are 
brought  into  the  kettle  together  with  about  800  pounds  of  lye 
of  18°  to  19°  B.  and  combined  with  the  use  of  a  moderate  fire. 
When  combination  has  been  established,  more  lye  of  25°  B.  in 
portions  of  400  to  600  pounds  is  quickly  added,  boiling  being 
steadily  kept  up,  till  a  clear  soap  paste  is  in  the  kettle.  The 
fire  is  then  increased  and  tbe  mass  allowed  to  boil  high  ;  the 
froth  will  gradually  disappear  and  the  paste  gain  in  clearness 
and  consistency.  The  soap  freed  from  excess  of  water  will 
soon  be  free  from  froth,  boil  in  large  plates,  audibly  break 
into  roses  and,  when  thrown  from  the  paddle,  fall  down  short 
and  show  a  woolly  appearance.  When  pushing  the  paddle 
through  the  soap,  the  latter  will  rustle  and,  when  taken  upon 
the  paddle,  run  from  it  in  raised  streaks  and  break  off  short 
without  drawing  threads.  At  this  stage  fitting  is  proceeded 
with  ;  this  should,  however,  be  only  light,  because  soaps  from 
tallow  and  cottonseed  oil  will  not  stand  vigorous  fitting. 
Samples  upon  the  glass  should  have  a  light  fiower,  be  clear 
when  heaped  up,  and  when  cold  be  suflSciently  firm. 

The  finished  soap  is  immediately  brought  into  barrels  stand- 
ing in  a  room  in  which  a  constant  temperature  of  64°  to  68®  F. 
prevails.  Besides  sufiicient  causticity,  this  temperature  is  par- 
ticularly necessary  for  alabaster  soap  so  that  it  will  always  re- 
main clear  and  transparent  and  the  figging  process  take  place 
slowly  and  regularly. 

Natural  fig  soap  with  stearin, — In  the  same  manner  as  tallow, 
pure  stearin  may  also  be  used  in  the  preparation  of  natural  fig 
soap,  the  figging  obtained  being  especially  firm  and  stable. 

The  process  of  manufacture  is  as  follows:  1200  Ujs.  of  lin- 
seed or  camel  ine  oil — in  summer  also  J  cotton-seed  oil  and 
eventually  some  horse  fat — are  brought  into  the  kettle  together 
with  about  500  lbs.  of  lye  of  20°  B.,  and  combined  over  a 
moderate  fire.  Combination  being  established  more  lye  is 
quickly  added  to  prevent  thickening  of  the  mass.     The  fire 
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being  increased,  more  lye  of  20°  B.  is  introduced  in  portions 
until  paste  is  formed,  which  is  thoroughly  boiled,  with  the 
successive  addition  of  the  quantity  of  lye  of  28°  B.  still  re- 
quired, until  the  superfluous  water  is  evaporated.  When  no 
more  froth  is  noticed  upon  the  surface,  and  the  soap  boils  in 
plates  and  audibly  **  breaks  into  roses,"  and  when  thrown 
shows  no  more  water-bubbles,  but  runs  in  raised  streaks  from 
the  paddle  and  breaks  off  short,  fitting  is  proceeded  with. 
With  a  correct  fit  the  samples  upon  the  glass  must  be  clear, 
firm,  and  short,  show  a  good  "  flower,"  and  remain  clear  after 
cooling.  To  the  soap  when  boiling  up  finished,  add  100 
pounds  of  stearin,  together  with  about  125  pounds  of  potash 
solution  of  40°  B.,  and  allow  the  whole  to  combine.  A  sample 
upon  the  glass  must  again  show  a  **good  flower"  and  remain 
clear  after  cooling. 

The  finished  soap,  when  cooled  to  about  156°  F.,  is  poured 
into  barrels  and  the  latter  brought  into  the  cellar,  where, 
with  a  suitable  temperature,  the  figging  will  soon  form. 

Soft  soap  with  a  mother-of-pearl  luster, — This  soap,  also  known 
as  elaidin  soap,  silver  soap,  etc.,  is  much  liked  for  household 
purposes,  as  well  as  in  the  textile  industries.  In  its  prepara- 
tion various  stocks  of  fats  are  used,  consisting  of  tallow,  horse- 
fat,  lard,  bone-fat,  oleic  acid,  palm-oil,  linseed-oil,  cameline- 
oil,  peanut-oil,  and  cotton-seed  oil,  the  latter  being  much  used 
when  it  can  be  obtained  at  a  sufficiently  low  price.  Palm-oil 
is  also  worked  to  a  considerable  extent,  it  being  used  in  the 
crude  state  for  giving  the  soap  a  yellowish  color,  and  in  the 
bleached  stale  for  imparting  to  it  an  agreeable  odor. 

The  lyes  required  for  this  kind  of  soap  are  prepared  in  the 
same  way  as  given  for  other  soaps.  The  lime,  about  42  lbs. 
for  every  100  lbs.  of  96  to  98  per  cent,  potash  is  slaked  with 
hot  tank-lye  of  7°  to  8°  B.,  and  the  potash  dissolved  in  it. 
For  boiling,  potash  lye  of  20°  to  25°  B.  is  generally  used  in 
connection  with  one-third  to  one-sixth  of  soda  lye  of  26°  B. 
according  to  the  season  of  the  year  and  the  amount  of  filling. 
In  working  large  quantities  of  solid  fats  a  suitable  reduction 
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of  the  proportion  of  soda  is  required.  The  radiated  silvery 
appearance  of  the  soap  is  produced  by  the  soda  lye,  the  sodium 
salts  combining  with  the  particles  of  stearin  and  palmitin  in 
the  fats  to  white  silvery  streaks.  The  soap  acquires  the  silvery 
appearance  only  after  complete  cooling  and  storing  for  8  to 

14  days. 

The  stock  of  fat  for  this  kind  of  soap  has  to  be  chosen  so  as 
to  suit  the  prevailing  temperature  and  season  of  the  year. 
Below  a  few  suitable  stocks  are  given. 

For  white  soap.  I.  In  summer.  Prime  pale  cotton-seed  oil 
75  lbs.,  tallow  25  lbs. — In  winter.  Prime  pale  cotton-seed  oil 
80  lbs.>  pale  hog-fat  20  lbs. 

II.  In  Summer :  Prime  pale  American  cotton-seed  oil  66 
lbs.,  tallow  30  lbs.,  palm-kernel  oil  5  lbs. — In  vmUer :  Prime 
pale  cotton-seed  oil  75  lbs.,  hog-fat  20  lbs.,  bleached  palm  oil 
5  lbs. 

III.  In  Summer :  Prime  pale  cotton-6eed  oil  60  lbs.,  pale 
hog-fat  35  lbs.,  bleached  palm  oil  5  lbs. — In  wvnter :  Prime 
pale  cotton-seed  oil  60  lbs.,  peanut  oil  20  lbs.,  pale  hog-fat  20 
lbs. 

IV.  In  summer.  Pale  cotton-seed  oil  60  lbs.,  tallow  20  lbs., 
hog-fat  20  lbs. — In  winter :     Pale  cotton-seed  oil  75  lbs.,  tallow 

15  lbs.,  bleached  palm  oil  10. 

V.  In  Summ^ :  Pale  cotton-seed  50  lbs.,  pale  horse-fat  *  or 
hog-fat  60  lbs. — In  winter:  Pale  cotton-seed  oil  90  pounds, 
tallow  10  pounds. 

For  yellow  soap. — I.  In  summer :  Cottonseed  oil  60  lbs.,  tallow 
35  lbs.,  crude  palm  oil  5  lbs.  In  winter:  Cottonseed  oil  75 
lbs.,  tallow  20  lbs.,  crude  palm  oil  10  lbs. 

II.  In  summer:  Cottonseed  oil  60  lbs.,  horse  fat  35  lbs,, 
palm  oil  5  lbs.  In  winter :  Cottonseed  oil  80  lbs.,  palm-kernel 
oil  15  lbs.,  palm  oil  5  lbs. 

For  a  milling  soap  of  good  quality. — In  summer:  Cottonseed 

*  By  horee  fat  is  understood  a  mixture  of  horse-fat  tallow,  and  lard  as  ftimished 
by  establishments  where  dead  animals  are  boiled. 
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oil  75  lbs.,  tallow  15  lbs.,  bleached  palm  oil  8  lbs.,  palm-kernel 
oil  2  lbs.  In  wvnter :  Cottonseed  oil  60  lbs.,  horse  fat  or  hog 
fat  30  lbs.,  tallow  10  lbs. 

In  preparing  these  soaps  the  proportion  of  lime  first  deserves 
attention.  To  produce  a  beautiful,  delicate  and  white  soap 
more  strongly  carbonated  lyes  are  required  for  boiling,  and  as 
a  soap  ''  too  high  "  in  lime  would  turn  out  too  solid  and  dark, 
the  proportion  of  carbonate  to  caustic  potash  in  the  lyes  should 
be  about  as  1 :  2.  As  the  soapboiler  does  not  like  to  change 
the  proportion  of  lye  to  which  he  is  accustomed,  he  can  boil 
with  his  ordinary  tank  lye  and  bring  the  soap  to  the  required 
proportion  of  lime  by  the  addition  of  potash  solution  of  24°  B. 
If  the  soap  has  the  right  proportion  of  lime  or  caustfcity,  and 
been  regularly  boiled  and  fitted,  samples  the  size  of  a  dollar 
will  heap  lightly  upon  the  glass  and  after  standing  for  about 
five  minutes  remain  still  somewhat  liquid  in  the  center. 

The  addition  of  soda  lye  varies  according  to  the  composition 
of  the  stock  of  fat  and  the  season  of  the  year,  less  being  re- 
quired the  more  tallow  is  used,  while  for  soaps  chiefly  prepared 
from  cottonseed  oil,  lard  and  horse  fat,  as  much  as  33  pounds 
of  soda  lye  of  25*^  B.  may  be  worked  for  every  100  pounds  of 
fat.  With  a  stock  consisting  of  tallow  90  parts  and  palm- 
kernel  oil  about  10  parts,  no  soda  lye  at  all  is,  for  instance, 
used,  but  for  the  production  of  a  smooth,  delicate  product,  the 
soap  must  be  kept  somewhat  more  carbonated. 

Special  attention  must  also  be  paid  to  fitting  the  soap. 
Samples  upon  the  glass  should  show  only  perceptible  flower, 
be  sufficiently  clear,  firm  and  short,  become  white  only  after 
some  time,  and  not  be  readily  pushed  from  the  glass  but  ad- 
here firmly  to  it.  Soap  too  strongly  fitted  would  become 
short  later  on  and  separate  lye ;  on  the  other  hand,  fitting 
must  not  be  too  weak  as  the  soap,  when  stored,  would  become 
soft  and  "long.*'  Any  corrections  required  in  fitting  can 
readily  be  made  by  small  additions  of  fat  or  lye. 

The  soap  is  as  a  rule,  only  evaporated  till  it  breaks  into 
roses.     It  is  then  allowed  to  stand  quietly  over  night  in  the 
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covered  kettle.  The  next  morning  any  froth  which  may  have 
collected  on  the  surface  is  removed  and  a  slight  correction,  if 
necessary,  made  by  the  addition  of  potash  lye  or  potash  solu- 
tion. The  yield  amounts  to  about  235  to  240  lbs.  of  soap 
from  every  100  lbs.  of  stock  of  fat.  However,  in  most  cases 
it  might  be  better  to  finish  evaporation  only  when  the  soap 
boils  free  from  froth  and  uniformly  breaks  into  roses  over  the 
entire  surface.  On  the  other  hand,  evaporation  continued 
too  long  is  not  advisable  as  it  would  only  make  the  soap  gray 
and  dark. 

Sometimes  5  to  10  per  cent,  of  pale  rosin  is  added  to  soft 
soaps  for  domestic  use.  The  rosin,  to  be  sure,  does  not  impair 
the  quality  of  the  soap,  but  as  soaps  with  an  addition  of 
it  fix  less  water,  no  material  advantage  is  by  this  practice 
derived. 

If  in  the  preparation  of  this  soap  pbtash  lye  of  50°  B.  is  to 
be  used,  for  every  100  lbs.  of  it  25  lbs.  of  refined  96  to  98  per 
cent,  potash  are  required  for  reduction  of  causticit}',  and  18  to 
20  lbs.  for  highly  filled  soaps.  The  resulting  reduced  lye 
is  by  the  addition  of  water  brought  to  25°  B.,  and  of  this 
150  lbs.  are  required  for  the  saponification  of  the  stock  of  fat. 
In  addition  there  will,  as  a  rule,  be  worked  for  every  100  lbs. 
of  stock  of  fat  about  10  to  12  lbs.  of  caustic-soda  lye  of  38°  B., 
also  reduced  by  the  addition  of  water  to  25°  B.  The  boiling 
process  is  the  same  as  for  every  other  kind  of  soft  soap,  but 
careful  light  fitting  is  necessary  so  that  the  soap  will  not  turn 
out  slippery  and  short ;  it  should  also  not  be  too  rich  in  car- 
bonate, as  otherwise  it  becomes  wet. 

White  silver  soap.  Special  eff'orts  are  at  present  made  to 
produce  a  particularly  white  silver  soap,  and  it  is  scarely 
necessary  to  mention  that  this  is  possible  only  by  the  use  of 
suitable  very  pale  materials,  prime  refined  white  American 
cotton-seed  oil,  best  quality  of  tallow  and,  for  better  combina- 
tion, some  pale  palm-kernel  oil  being  above  all  required  for  a 
snow-white  product.  Besides,  special  attention  has  to  be  paid 
to  the  content  of  moisture,  proportion  of  causticity  and  fitting 
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in  order  to  be  successful  in  turning  out  the  soap  smooth  and 
delicate  in  accordance  with  the  stock  of  fat. 

An  excellent  stock  for  such  soap  consists  of  prime  white 
American  cotton-seed  oil  390  lbs.,  white  tallow  190  lbs.,  pale 
palm-kernel  oil  20  lbs..  The  process  of  manufacture  is  as  fol- 
lows :  The  lye  required  for  boiling  is  best  prepared  from  potash 
lye  of  50°  B.,  to  every  100  lbs.  of  which  are  added  for  the 
necessary  reduction  of  causticity  about  25  lbs.  of  refined  96  to 
98  per  cent,  potash  dissolved  in  water.  The  lye  is  generally 
brought  to  25°  B.,  and  for  the  saponification  of  the  above- 
mentioned  stock  about  780  lbs.  of  such  lye,  as  well  as  about 
120  lbs.  of  caustic  soda  lye  of  25^  B.,  are  required. 

Boiling  is  efifected  in  the  usual  manner  by  bringing  the 
stock  of  fat  and  oil  into  the  kettle  together  with  about  200 
lbs.,  of  potash  lye  of  25°  B.  and  about  70  lbs.,  of  water  and 
quickly  bringing  about  combination  over  a  moderate  fire. 
When  combination  has  been  efifected,  add  gradually  but 
quickly,  to  prevent  the  mass  from  thickening,  about  500  lbs. 
more  of  potash  lye  of  25°  B.,  maintaining  the  mass  at  a  mod- 
erate boil.  The  s,oda  lye  is  then  also  added  and  incorporated 
by  boiling,  when  by  a  further  addition  of  potash  lye  of  25°  B. 
the  soap  will  soon  come  to  a  clear  paste.  By  more  vigorous 
boiling  the  excess  of  water  will  then  be  soon  evaporated  and 
the  soap  be  clearer,  thicker  and  shorter.  The  froth  upon  the 
soap  will  gradually  disappear  and  the  latter  will  commence  to 
boil  in  larger  plates  and  audibly  break  into  roses. 

When  the  soap  has  been  evaporated  so  that  it  is  free  from 
froth,  fitting  is  proceeded  with.  Samples  of  the  finished  soap 
when  dropped  upon  the  glass  should  pile  up  slightly,  show  a 
faintly  perceptible  flower,  remain  for  some  time  liquid  in  the 
center,  be  suflSciently  firm  and  short,  become  white  only  after 
some  time,  and  adhere  firmly  to  the  glass.  If  the  samples 
show  the  above  mentioned  properties,  the  soap  may  be  con- 
sidered of  good  quality  ;  otherwise  corrections  such  as  may  be 
necessary  have  to  be  made.  The  finished  soap  is  brought  into 
clear  dry  vessels  in  which  when  thoroughly  cooled  and  after 
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storing  for  some  time,  it  fully  matures  and  acquires  the  white 
silvery  appearance. 

Smooth  olein  soap. — In  winter  this  soap  may  be  prepared 
from  cottonseed-oil  alone;  in  summer  it  is,  however,  necessary 
to  use  in  connection  with  the  oil  some  solid  or  semi-solid  fat 
together  with  more  soda  lye,  as  otherwise  the  soap  will  when 
kept  become  more  clear  and  lose  its  silvery  appearance. 

The  process  of  boiling  is  generally  as  follows:  1000  pounds 
of  refined  cotton-seed  oil  and  about  400  pounds  of  potash  lye 
of  16°  to  17*^  B.  are  brought  into  the  kettle  and  combined 
over  a  moderate  fire.  Combination  being  established  add  500 
pounds  of  lye  of  18°  B.  to  the  mass  and  increase  the  fire. 
Then  with  constant  boiling  and  vigorous  firing,  add  600 
pounds  of  potash  lye  of  24°  B.  in  portions  of  200  to  300 
pounds  each  and  250  pounds  of  soda  lye,  whereby  a  clear 
paste  will  be  formed,  which  is  freed  from  superfluous  water 
by  thorough  boiling.  The  mass  now  becomes  thicker,  clearer, 
and  shorter,  the  froth  upon  the  surface  gradually  disappears, 
and  the  soap  boils  in  plates,  runs  from  the  paddle  in  raised 
streaks  without  spinning  threads  or  breaking  off,  and  audibly 
breaks  into  roses.  During  the  boiling  40  to  50  pounds  of 
potash  solution  of  24°  B.  are  generally  added  which  renders 
the  soap  clearer  and  smoother,  and  it  is  also  fitted  as  much  as 
possible  with  potash  solution  while  it  breaks  into  roses.  When 
properly  fitted  a  sample  upon  the  glass  must  show  flower  and 
otherwise  be  clear,  sufficiently  short,  and  firm.  The  sample 
being  thoroughly  cooled,  a  white  ring  with  thread-like,  radi- 
ated crystallization  extending  towards  the  center  must  first 
show  itself  in  the  still  transparent  soap.  At  the  same  time  a 
star-like  crystallization  forms  in  the  center,  which  extending 
outward  soon  grows  through  the  entire  sample  and  gives  it  the 
lustrous,  mother-of-pearl  appearance.  The  same  process  of 
crystallization  takes  place  later  on  in  the  barrels. 

If  the  sample  upon  the  glass  becomes,  however,  white  at 
once  and  slippery  and  can  be  moved^  the  soap  is  too  strong 
and  oil  must  be  added  until  the  sample  shows  a  slighter  flower 
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and  becomes  white  and  lustrous  only  after  cooling.  If,  on  the 
other  hand,  the  sample  shows  only  a  slight  sign  of  flower  and 
does  not  keep  clear  until  cold,  but  is  whitish  turbid  in  the  center, 
the  soap  is  too  weak,  which  is  remedied  by  carefully  adding 
lye  of  25^  B.  and  eventually  potash  solution. 

When  the  fitted  soap  breaks  into  roses  and  appears  suffi- 
ciently short,  evaporation  is  discontinued  and  the  fire  removed. 
The  soap  remains  standing  over  night  in  the  covered  kettle. 
The  next  morning  the  froth  formed  upon  the  surface  is  re- 
moved and  large  samples  are  laid  aside  to  cool.  The  behavior 
of  these  samples  indicates  whether  the  soap  is  of  good  quality 
in  all  respects,  or  whether  it  can  be  improved  by  crutching  in 
strong  potash  lye  or  potash  solution.  Such  corrections  must, 
however,  be  done  very  carefully,  as  with  an  addition  of  too 
strong  potash  solution  the  soap  becomes  too  white,  and  with 
potash  lye  too  firm.  The  soap  is  finally  perfumed  with  oil  of 
mirbane  to  cover  its  not  very  agreeable  odor,  and  then  brought 
into  barrels. 

Still  more  advantageous  than  the  use  of  cottonseed  oil  for 
the  manufacture  of  smooth  olein  or  silver  soap  is  that  of  peanut 
oil.  With  the  use  of  smaller  quantities  of  soda  lye,  soap  from 
cottonseed  oil  requires  a  longer  time  for  complete  crystalliza- 
tion before  the  silvery  soap  can  be  brought  into  the  market. 
With  the  addition  of  a  large  quantity  of  soda  the  soap,  to  be 
sure,  becomes  white  more  rapidly,  but  also  too  firm  and  short, 
so  that  it  separates  lye.  With  peanut  oil  the  case  is  difierent, 
as  the  soap  prepared  from  it  acquires  the  white,  mother-of-pearl 
appearance  with  a  small  addition  of  soda  lye,  and  is  also 
smoother  and  whiter  than  that  made  from  cottonseed  oil. 

A  white  soap  of  prime  quality  from  tallow  and  10  per  cent, 
palm-kernel  oil,  the  preparation  of  which  difiers  somewhat 
from  the  previous  one,  may  here  be  mentioned.  Potash  lye 
only  can  be  used.  The  soap  must  also  be  kept  quite  carbon- 
ated, and  with  the  use  of  potash  lye  of  50*^  B.  for  every  100 
pounds  of  it  about  32  to  33  pounds  of  refined  96  to  98  per 
cent,  potash  are  required  for  the  reduction  of  causticity.     The 
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soap  is  only  evaporated  to  the  point  of  breaking  into  roses  and 
then  fitted  to  a  good  flower.  Boiling  is  effected  in  the  same 
way  as  for  other  soft  soaps.  Moderate  flour-^filling — 5  parts 
flour,  10  parts  potash  solution  of  12^  B.  and  about  5  parts 
potash  lye  of  28°  B.  for  fitting — is  of  advantage  with  this  soap. 
The  soap  thus  prepared  is  brought  into  barrels  and  worked 
through  the  next  day ;  it  is  remarkably  white,  but  does  not 
show  a  mother-of-pearl  appearance. 

Turpentine-aal  ammoniac  soft  soap, — ^The  soap  brought  into 
commerce  under  this  name  is  generally  made  from  cotton-seed 
oil,  peanut  oil,  horse  fat,  hog-fat,  tallow,  etc.  in  varying  pro- 
portions, and  when  cooled  to  about  167°  F.,  a  quantity  of  tur- 
pentine and  ammonia,  or  in  place  of  the  latter,  solution  of 
ammonium  sulphate  is  crutched  in. 

The  lye  for  this  soap  is  prepared  in  the  same  way  as  for 
other  soft  soaps.  Proportion  of  lime  in  summer  40  to  42  lbs. 
for  100  lbs.  of  96  to  98  per  cent,  potash,  and  in  winter  38  to  40 
lbs.  During  the  warm  season  of  the  year  about  20  to  25  per  cent, 
of  soda  lye  is  also  used  and  during  the  cold  season  from  10 
to  16  per  cent. 

The  soap  is  as  a  rule  prepared  as  follows :  Cottonseed  oil 
450  lbs.  and  pale  horse  fat  or  hog  fat  450  lbs.  are  brought 
together  with  a  portion  (about  J)  of  the  required  lye  of  18°  to 
19°  B.  into  the  kettle,  and  combined,  whilst  crutching,  over  a 
moderate  fire.  The  soap  is  then  boiled  clear,  more  lye  of  27° 
to  28°  B.  being  added  and  the  fire  increased,  and  it  is  at  the 
same  time  properly  fitted  with  potash  solution  of  24°  B. 
With  the  use  of  much  horse  fat  which,  as  a  rule,  is  quite 
rancid,  the  soap  frequently  becomes  somewhat  thick,  sluggish 
and  viscid,  and  to  bring  it  to  boiling  regularly  the  addition^ 
of  a  larger  quantity  of.  potash  solution  of  24°  B.  will  be  re- 
quired ;  by  this  process  the  yield  will  also  be  increased  and  a 
more  delicate  and  whiter  product  obtained.  When  the  soap 
boils  easily  in  large  plates,  audibly  breaks  into  roses  and 
appears  clear  and  short,  fitting  to  flower  and  lye-ring  is  pro- 
ceeded with.     A  sample  of  the  finished  soap  dropped  upon  the 
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glass  should  be  clear,  sufficiently  short  and  firm,  consequently 
show  perceptible  flower  and  only  after  some  time  become 
white.  Fitting  is  here  also  of  great  importance  ;  soap  fitted 
too  weak  becomes  short,  when  stored  and  when  fitted  too 
strong,  slippery  and  separates  lye. 

By  using,  in  place  of  tank-lye,  lye  of  32°  B.  from  100  per 
cent,  caustic  potash  the  following  stock  could  be  employed  : 
Cotton-seed  oil  450  lbs.,  pale  horse  fat  or  hog  fat  450  lbs., 
caustic  potash  lye  of  32°  B.  about  600  lbs.,  caustic  soda  lye  of 
37°  B.  about  75  lbs.,  as  well  a^  about  70  lbs.  refined  96  to  98 
per  cent,  potash  in  solution,  3  lbs.  potassium  chloride  and  18 
lbs.  crystal  soda  for  the  reduction  of  causticity.  The  commer- 
cial potash  lye  of  32°  to  33°  B.  and  the  caustic  soda  lye  are, 
as  a  rule,  reduced  by  the  addition  of  water,  to  24°  or  25°  B., 
the  potash  required  being  treated  in  the  same  manner. 

Boiling  is  generally  eflected  as  follows :  Bring  the  stock  of 
fat  and  oil  into  the  kettle,  add  about  one-third  of  the  caustic 
lye,  together  with  a  portion  of  the  potash  solution,  and  efiect 
thorough  combination  over  a  moderate  fire.  While  the  mass 
is  boiling  easily,  quickly  add  alternately  caustic  lye  and  pot- 
ash solution  till  the  soap  boils  in  a  clear  paste.  Continue  in 
this  way  till  the  soap,  after  sufficient  evaporation,  has  the 
necessary  fitting  and  is  finished. 

As  a  rule  this  soap  is  ground  with  solution  of  potassium  chlo- 
ride or  potash,  a  yield  of  about  250  per  cent,  being  thus  ob- 
tained. For  augmenting  the  soap,  5  to  10  per  cent,  of  fiour  is 
also  frequently  added,  there  being,  for  instance,  used  for  fitting, 
flour  6  parts,  potash  solution  of  10°  to  12°  B.  12  parts,  silicate 
of  potash  4  parts  and  caustic-potash  lye  of  28°  B.  about  6J 
parts. 

When  the  soap  has  sufficiently  cooled  crutch  in  for  every 
100  lbs.  of  stock  of  fat  or  oil  about  2}  lbs.  of  turpentine  and  f 
lb.  of  ammonia  or,  in  place  of  the  latter,  ^  lb.  of  ammonium 
sulphate  dissolved  in  2  lbs.  of  water ;  bring  the  soap  into  bar- 
rels and  cover  the  latter.  The  addition  of  ammonia  or  ammo- 
nia salts  would  appear  to  be  useless,  as  the  ammonia  formed 
soon  volatilize?. 
23 
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For  the  preparation  of  this  soap  with  caustic  potash  lye  of 
60°  B.,  for  every  100  lbs.  of  the  latter  about  25  lbs.  of  refiued 
96  to  98  per  cent,  potash  are  required  for  reduction  of  caus- 
ticity, and  for  filled  soaps  about  18  to  20  lbs.  The  reduced 
lye  obtained  is  brought  to  25°  B.,  and  160  lbs.  of  it  are  re- 
quired for  the  saponification  of  100  lbs.  of  stock  of  fat  and  oil. 
For  every  100  lbs.  of  stock  of  fat  about  10  to  12  lbs.  of  caustic 
soda  lye  of  38°  B.,  reduced  to  25°  B.  by  the  addition  of  water, 
are  also  used.  The  process  of  boiling  is  the  same  as  previously 
described. 

White  soft  soap. — Under  the  name  of  bleaching  soap  or  white 
soft  soap  a  product  is  brought  into  com  coerce  which  is  a  soft 
soap  only  in  name  and  consistency.  It  is  generally  prepared 
by  boiling  100  pounds  of  cocoanut  oil  to  a  paste  quite  free  from 
froth  with  about  200  pounds  of  soda  and  potash  lye  of  20°  to 
21°  B.,  fitting  strongly,  and  crutching  into  the  paste  500  to 
600  pounds  heated  silicate  of  soda  previously  mixed  with  50  to 
60  pounds  of  lye  of  20°  B.  The  mass  is  perfumed  with  oil  of 
niirbane  or  lavender  oil,  and  finally  stirred  until  cold.  Palm- 
kernel  oil  and  bleached  palm  oil  are  frequently  substituted  for 
a  portion  of  the  cocoanut  oil. 

In  Southern  Germany  a  so-called  tallow  soft  soap  is  prepared 
by  heating  100  pounds  of  tallow  with  250  pounds  of  caustic 
soda  lye  of  7°  B.  over  a  moderate  fire  until  good  combination 
is  established,  then  adding  successively  250  pounds  of  caustic 
soda  lye  of  3°  B.  and  heating  the  mass,  without,  however,  al- 
lowing it  to  boil,  until  it  is  quite  clear.  The  soap,  after  resting 
for  some  time,  is  perfumed  with  oil  of  mirbane  and  poured  into 
barrels. 

Pilling  of  soft  soaps, — For  the  purpose  of  artificially  increas- 
ing the  yield  of  soft  soap  it  is  first  of  all  necessary  that  it 
should  have  been  correctly  boiled  and  fitted,  i,  e.,  that  complete 
saponification  of  the  fats  by  the  alkalies  has  taken  place. 
Further,  the  soap  to  be  filled  must  be  suflBciently  evaporated, 
so  that  it  can  better  absorb  and  hold  the  filling  material. 
And  as  most  filling  materials  possess  shortening  properties, 
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the  soap  must  also  stand  '*  well  in  lime  *\  i.  e.,  somewhat  more 
caustic  lye  must  be  used  in  boiling.  Only  a  compact,  sound 
basis-soap  (with  not  too  high  a  content  of  rosin)  is  capable  of 
absorbing  a  suitable  filling  material. 

As  the  soapboiler  can  never  know  in  advance  the  quantity 
of  filling  material  the  soap  may  be  able  to  absorb  without  suf- 
fering in  consistency  and  appearance,  it  is  advisable  to  deter- 
mine the  amount  by  a  test  with  a  small  quantity  of  finished 
soap.  The  soap  is  generally  filled,  when  cooled  to  about  167° 
to  178°  F.,  the  materials  chiefly  used  at  the  present  time  being 
potassium  chloride,  "  gelatine,*'  water-glass,  "  sapolite,'*  potash 
filling,  filling  lye,  and,  where  the  appearance  of  the  soap  per- 
mits, potato-fiour.  The  smooth,  transparent  and  artificial  fig 
soaps  being  the  ones  chiefiy  filled,  the  filling  materials  used 
and  their  behavior  are  here  given : 

For  filling  these  soaps,  potassium  chloride  is  perhaps  used 
more  than  any  other  material.  Shortly  before  use,  it  is  dis- 
solved in  water,  and  the  solution  set  at  13**  to  14^  B.  Of  this 
solution,  20  to  25  per  cent,  of  the  fat  used  is  crutched  into  the 
finished  soap  cooled  to  about  167°  F.,  and  the  latter  is  event- 
ually again  fitted  with  strong  caustic  lye.  Soaps  filled  with 
solution  of  potassium  chloride  are  capable  of  vigorously  resist- 
ing the  cold  in  winter,  and,  with  a  very  much  reduced  pro- 
portion of  soda,  do  not  need  too  strong  a  fit. 

"Gelatine,"  brought  into  commerce  by  several  manufac- 
turers, is  also  much  used  for  filling  these  soaps,  20  to  25  per 
cent,  being  crutched  into  the  finished  product,  without  a 
further  fitting  being  required.  As  the  "  gelatine  "  is  prepared 
chiefiy  from  silicate  of  soda,  it  is  advisable  to  make  a  corre- 
sponding reduction  in  the  proportion  of  rosin  and  soda. 

The  so-called  "  sapolite,'*  brought  into  commerce  by  a  firm 
in  Ofienbach,  Germany,  is  nothing  but  a  mixture  of  potassium 
chloride  and  sodium  sulphate.  It  is  used  in  the  following 
manner :  Dissolve  1  part  of  sapolite  in  2  parts  of  hot  potash  lye 
of  6°  B.,  and  add  2J  to  3  parts  of  water.  The  resulting  clear 
solution  should  show  about  16°  B.  (in  winter  20°  to  22°). 
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About  20  to  25  per  cent,  of  the  oil  used  of  the  solution  is  then 
crutched  into  the  cooled  soap.  Soap  thus  filled  has  a  beauti- 
ful, clear  appearance,  but  as  a  sample  upon  glass  must  show  a 
vigorous  fiower,  subsequent  fitting  is  sometimes  required.  A 
reduction  of  the  proportions  of  rosin  and  soda  is  also  recom- 
mended with  the  use  of  this  filling  material. 

There  are  numerous  receipts  for  the  preparation  of  the  so- 
called  filling  lye ;  two  very  good  ones  are : — 

1.  Saponify  50  pounds  of  cocanut-oil  with  100  pounds  of 
soda  lye  of  20°  B.,  and  crutch  into  the  resulting  soap  200 
pounds  of  potassium  chloride  and  100  pounds  of  soda-ash  dis- 
solved in  2000  pounds  of  water. 

2.  Dissolve  100  pounds  of  semi-grained  or  grained  soap  in 
600  pounds  of  hot  water,  and  crutch  into  the  solution  100 
pounds  of  solution  of  potassium  chloride  of  15°  B.  and  150 
pounds  of  silicate  of  soda  of  38°  B. 

About  20  per  cent,  of  the  cold  filling-lye  may  be  added  to 
the  cooled  soap,  which  must  however,  be  again  fitted. 

Potato-fiour  is  to  a  considerable  extent  used  for  filling  soft 
soaps.  It  does  not  swell  much  either  in  cold  water  or  in  an 
alkaline  solution,  but  when  caustic  lye  is  added  it  is  at  once 
converted  into  a  smooth,  stifi*  paste.  It  possesses  also  the  pro- 
perty of  fixing  much  moisture  and  making  soap  filled  with  it 
more  compact  and  durable.  As,  however,  the  resulting  pro- 
duct is  more  turbid  only  inferior  qualities  of  soap  are  filled 
with  potato-flour. 

Filling  with  this  material  is  effected  as  follows :  A  large  vat 
of  soft  wood  is  placed  near  the  kettle  for  the  reception  of  the 
filling  material.  Pour  into  the  vat  1  part  of  water  or  potash 
solution  of  5°  to  8°  B.,  stir  in  1  part  of  potato-flour  and  finally 
crutch  in  1  part  of  silicate  of  soda.  The  latter  may  be  omit- 
ted using  in  place  of  it  1  part  of  potato-flour  stirred  into  2  parts 
of  potash  solution  of  10°  to  12°  B.,  or  into  potassium  chloride 
solution.  Add  to  the  filling  material  thus  prepared,  whilst 
stirring  vigorously,  a  sufiicient  quantity  of  the  finished  soap 
from  the  kettle  to  form  a  dissolved  creamy  mass  and  then 
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thoroughly  crutch  it  into  the  soap  in  the  kettle.  The  soap, 
after  the  filling  has  been  added  becomes  soft,  viscid  and  long, 
and  has  again  to  be  fitted  or  shortened,  this  being  effected 
with  caustic  lye  of  27^  to  30**  B.  Add  of  this  lye,  whilst 
crutching  vigorously,  a  sufficient  quantity  to  impart  the  short- 
ness required  and  a  sample  upon  the  glass  appears  full  and 
round  as  well  as  firm  and  shows  the  required  sharpness;  for  1 
part  potato-flour  about  1  part  of  caustic  potash  lye  is  generally 
allowed  for  fitting.  The  operation  of  filling  is  frequently,  also 
carried  on  as  follows :  About  the  quantity  of  lye  required  for 
fitting  is  crutched  into  the  finished  soap  previous  to  adding 
the  filling  material,  the  soap  acquiring  thereby  an  almost  torn 
appearance.  The  filling,  however  is  more  readily  and  better 
absorbed,  and  the  soap  presents  a  more  uniformly  smooth  ap- 
pearance. 

Natural  fig  soap  is  at  present  also  somewhat  filled,  the  prin- 
cipal materials  used  for  this  purpose  being  prepared  silicate  of 
potash,  potash  filling  and  potato-flour.  With  the  use  of  the 
latter  the  soap  must  have  a  considerable  content  of  water,  as 
soap  thus  filled,  if  deficient  in  water,  readily  effloresces  not- 
withstanding correct  filling ;  when  fitted  too  slightly  the  basis- 
soap  becomes  soft  and  syrupy. 

Smooth  olein  or  silver  soap  for  domestic  use  is  also  fre- 
quently filled,  potato-flour  being  generally  used  for  the  purpose. 
Soap  thus  filled  should  only  be  lightly  fitted. 


CHAPTER  XV. 


TEXTILE   SOAPS. 


In  the  textile  trade  various  kinds  of  soap  are  used.  They 
may  be  divided  into  two  principal  classes — hard  and  soft  soaps 
— the  former  being  almost  exclusively  soda  soaps  and  the 
latter  chiefly  pure  potash  soaps  without  much  filling,  at  least 
without  any  kind  oi  after-filling  or  similar  filling  materials. 
The  hard  soaps  used  are  chiefly  the  better  kinds  of  grained 
soaps  and  are  prepared  partly  upon  spent  lye  and  partly  as 
settled  soaps.  Semi-grained  soaps  are  occasionally  used,  while 
paste-soaps  are  almost  entirely  excluded  ;  silicate  of  soda  soap 
is  sometimes  employed,  but  only  in  the  linen  industry. 

The  work  that  soap  has  to  do  in  the  textile  trade  and  the 
objects  for  which  it  is  employed  vary  very  much,  a  perfectly 
neutral  soap  being,  for  instance,  required  in  dyeing  silk,  while 
in  other  branches  an  alkaline  soap  is  demanded  and  in  some, 
one  with  a  fixed  content  of  fatty  acid.  In  one  case  a  hard 
soap  is  demanded  that  when  dissolved — ^generally  1  part  of  it 
in  8  to  9  parts  of  water — ^yi^lds  a  jelly-like  mass,  in  another,  a 
soap  that  when  dissolved  forms  a  semi-solid  dressing,  and  again 
one  that  dissolves  to  water-thin  dressing.  It  will  thus  be  seen 
that  for  the  manufacture  of  textile  soaps  not  only  a  thorough 
knowledge  of  boiling  soap  is  required,  but  it  must  also  be  ac- 
curately understood  for  what  purpose  the  soap  is  to  serve,  how 
it  is  to  be  used,  and  what  properties  it  must  possess.  In  order 
to  furnish  the  proper  kinds  of  soap  the  soap-boiler  must  know 
how  to  make  up  the  stock  of  fats.  If,  for  instance,  a  textile 
plant  uses  a  dark  milling  soap  from  oleic  acid,  bone  fat  and 
fuller's  fat,  this  soap,  notwithstanding  its  unsightliness,  may 
be  an  excellent  neutral  soap  and  when  dissolved  in  8  to  9 
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parts  of  water,  yield  such  a  thin  dressing  as  is  required.  If  a 
manufacturer  knowing  nothing  regarding  the  preparation  oi 
textile  soaps  would  furnish,  in  order  to  get  trade,  as  a  sub- 
stitute, a  pale  tallow  grained  soap  or  a  similar  product  of  much 
better  appearance,  it  would  prove  a  decided  failure  as  his  soap 
being  unfit  for  the  purpose  would  not  be  used  the  second  time, 
because,  when  dissolved,  it  would  yield  a  thick,  jelly-like  dress- 
ing instead  of  a  thin  one. 

For  a  soap  that  is  to  yield  a  jelly-like  dressing,  animal  fats 
containing  stearin  should  only  be  worked ;  the  more  stearin 
they  contain  the  stiflFer  the  solution  will  be.  If  in  addition  to 
palmkernel  oil,  cocoanut  oil,  cottonseed  oil,  etc.,  a  portion  of 
fats  containing  stearin  is  saponified,  the  resulting  soap  when 
dissolved  will  yield  a  semi-thick  dressing.  On  the  other  hand, 
soap  made  only  from  palmkernel  or  cocoanut  oil,  with  addi- 
tions of  oleic  acid,  cottonseed  oil,  peanut  oil,  olive  oil,  etc.,  will 
dissolve  to  a  thin  dressing.  Soft  soaps,  such  as  potash  soaps 
only  yield  when  dissolved,  water-thin  dressings,  which  remain 
quite  thin  when  cold. 

Although  it  is  frequently  asserted  by  manufacturers  and 
chemists  that  potassium  oleate — soft  soap — exerts  a  more  ad- 
vantageous effect  upon  fabrics  and  tissues  than  sodium  oleate 
— hard  soda  soap — and  that  soft  soaps  are  also  more  conve- 
nient for  many  purposes,  neutral  grained  soaps,  especially 
such  as  yield,  when  dissolved,  a  thin  dressing,  are  mostly  used 
for  fabrics  with  sensitive  colors.  To  meet  the  demands  of  the 
consumer  such  soaps  must  have  a  large  content  of  fatty  acid 
and  be  as  neutral  and  free  from  odor  as  possible. 

To  comply  with  these  requirements  quite  substantial  fats 
have  to  be  used  for  textile  soaps,  tallow,  cocoanut  oil,  palm- 
kernel oil,  oleic  acid  and  olive  oil  being  especially  employed. 
Absolutely  neutral  soaps  are  most  readily  made  from  olive  oil 
and  oleic  acid,  with  additions  of  cottonseed  and  peanut  oils 
besides  palmkernel  oil.  Olive  oil  or  oleic  acid  will,  as  a  rule« 
be  used  as  the  principal  fat  for  soaps  that  are  to  yield  a  liquid 
dressing.     It  is,  however,  not  always  an  absolute  condition 
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since  for  neutral  olive-oil  soaps  foots  containing  stearin,  and 
the  green  sulphur  olive  oils  are  also  worked,  while  perfectly 
pure  olive-oil  soaps  are  only  made  in  rare  cases,  because  the 
consumer  is  as  a  rule  not  willing  to  pay  the  price  they  should 
bring.  The  manufacture  of  these  actually  neutral  textile  soaps 
requires  thorough  knowledge  and  great  attention,  as  well  as 
very  precise  work.  Smooth  white  grained  soaps  quite  neutral 
may,  however,  be  made  from  palm-kernel  oil,  tallow,  cotton" 
seed  oil,  etc. 

It  has  lately  become  more  and  more  the  custom  for  soap 
manufacturers  to  guarantee  the  content  of  fatty  acid  in  the 
textile  soaps  made  by  them,  and  as  many  firms  requiring  large 
amounts  only  buy  on  this  basis,  this  has  to  be  taken  into  con- 
sideration. In  order  to  obtain  a  product  satisfactory  in  every 
respect  the  soap-boiler  must  know  how  such  a  soap  has  to  be 
boiled  and  what  kinds  of  fat  and  alkalies  agree  with  the  fabric 
and  color.  The  content  of  fat  can  only  be  determined  from 
the  finished  product,  there  being  no  rule  for  establishing  it 
while  the  soap  is  being  boiled.  If  the  content  of  fatty  acid  is 
too  low,  the  soap  has  to  be  dried  out  till  the  desired. content  is 
attained.  For  neutral  grained  soaps  consumers  take  for 
granted  a  content  of  fat  of  at  least  62  per  cent.,  and  some  of 
them  demand  a  much  larger  one ;  in  the  latter  case  the  object 
is  attained  by  drying  out  the  soap. 

For  the  production  of  neutral  soaps  the  exact  saponification 
of  the  fats  is  above  all  necessary,  as  this  can  never  be  com- 
pletely attained  by  subsequent  preparation  or  liquefaction  of 
the  soaps.  Neutral  means  that  the  fats  must  be  so  exactly 
saponified  that  neither  free  alkali  or  unsaponified  fat  is  present 
in  the  soap.  From  this  it  will  be  seen  that  the  neutral  textile 
soaps  are  products  of  the  finest  quality.  They  are  usually 
prepared  upon  paste  precipitate  like  settled  grained  soaps,  but 
with  exact  and  careful  work  may  also  be  prepared  by  boiling 
them  to  a  finish  upon  pasty  spent  lye. 
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1.  HARD  SOAPS. 

Neutral  olive  oil  soap, — Stock:  Olive  oil  1000  lbs.,  cottonseed 
oil  500  lbs.,  palm-kernel  oil  500  lbs. 

This  is  a  serviceable  stock,  the  soap  obtained  from  it  ans- 
wering all  demands  of  textile  manufacturers  and  replacing 
pure  olive  oil  soap.  Neutral  soaps  are  most  readily  obtained 
by  boiling  in  an  entirely  indirect  way  as  follows : 

For  the  saponification  of  the  above-mentioned  stock  about 
2000  lbs.  of  pure  caustic  soda  lye  of  25°  B.  are  required.  A 
portion  of  the  lye,  about  ^,  is  at  once  brought  into  the  kettle 
together  with  the  fat  and  combines  quite  well  with  the  latter 
while  melting.  The  soap  is  allowed  to  boil  up  high  and  when 
intimate  combination  is  established  more  lye  is  added.  No 
more  lye  is  added  until  froth  commences  to  form  on  the  sur- 
face and  puffing  up  from  below  is  noticed,  which  is  always  an 
indication  of  thorough  combination.  The  remainder  of  the  lye 
is  then  gradually  added  in  three  or  four  portions.  With 
palmkernel  oil  as  a  constituent  of  the  stock  and  boiling  with 
pure  caustic  lye,  such  energetic  combination  generally  takes 
place  after  half  the  lye  has  been  boiled  with  the  fat  that  the 
soap  is  inclined  towards  becoming  thick.  To  efiectively  pre- 
vent this  add  gradually  to  the  soap  while  boiling  enough  dry 
common  salt  to  restore  normal  easy  boiling.  During  this  ad- 
justment the  addition  of  lye  can  of  course  be  continued  with. 

Resultant  fitting  is  indicated  by  a  perfectly  clear  paste,  bit- 
ing sensation  upon  the  tongue,  and  finger-pressure.  The  soap 
is  then  allowed  to  boil  for  one  hour  in  paste  for  intimate 
saponification  when  it  is  salted  out  till  a  fine  round  grain  free 
from  froth  is  in  the  kettle  and  the  spent  lye  runs  perfectly 
clear  from  the  paddle.  Any  scrap  and  paste-grain  on  hand 
may  now  be  added  and  the  whole  melted  over  a  moderate  fire, 
best  over  night. 

The  next  morning  the  spent  lye  is  removed  and  the  soap 
ground  with  boiling  water  till  a  thin  paste  has  been  formed, 
which,  when  thrown  with  the  paddle,  flies  and  possesses  a 
readily  melting  finger-pressure.     While  grinding,  fitting  may 
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again  be  controlled  ;  the  soap  should  produce  a  faint  biting 
sensation  upon  the  tongue.  The  kettle  is  finally  covered  for 
48  hours  for  the  soap  to  settle,  when  the  clear  soap  is  brought 
into  small  iron  frames  holding  from  12  to  15  cwts.  and  allowed 
to  cool.  If  boiling  is  done  carefully  and  correctly  a  perfectly 
neutral  soap  is  obtained  by  this  quite  simple  method. 

Neutral  white  wax  soap.  Stock, — Palm-kernel  oil  or  cocoanut 
oil  1000  pounds,  pale  cottonseed  oil  500  pounds,  tallow  or  tal- 
lowy fats  500  pounds. 

With  this  stock,  one-half  of  which  consists  of  palm-kernel  or 
cocoanut  oil,  the  direct  method  of  boiling  may  be  employed,  a 
neutral  soap  being  obtained  if  the  operation  is  correctly  carried 
on.  About  1700  pounds  of  caustic  soda  lye  of  30°  B.  are  re- 
quired for  saponification.  Bring  the  lye  into  the  kettle,  add 
any  scrap  on  hand,  and  melt  over  a  moderate  fire.  Then  in- 
troduce into  the  kettle  the  stock  of  fat  with  the  exception  of 
about  100  pounds  of  palm-kernel  oil,  which  are  retained  for 
fitting,  and  effect  combination  with  the  assistance  of  the 
crutch  over  a  moderate  fire  or  by  steam.  Curb  to  prevent 
boiling  over,  and  without  hesitation  sprinkle  50  to  100  pounds 
of  brine  of  8°  to  10**  B.  over  the  mass.  When  a  thoroughly 
combined  soap  is  in  the  kettle,  test  it  with  the  tongue  and  fit 
it  with  the  palm-kernel  oil  kept  in  reserve  so  that  it  produces 
quite  a  biting  sensation  upon  the  tongue ;  should  fitting  lye 
be  wanting,  add  the  necessary  quantity. 

If,  after  having  been  correctly  fitted,  the  soap  boils  through 
uniformly  it  will,  after  some  evaporation,  soon  present  the  ap- 
pearance of  a  quite  finished  semi-grained  soap,  and  the  pre- 
cipitation of  the  paste  with  the  assistance  of  brine  can  immedi- 
ately be  proceeded  with.  Too  vigorous  evaporation  is  not  nec- 
essary ;  it  being  sufiBcient  if  the  soap  boils  quite  thick  and  free 
from  froth.  If  too  much  evaporated  it  frequently  shows  sepa- 
ration without  the  addition  of  brine,  and  then  becomes  thin 
and  readily  frothy.  Good  appearance  and  proper  neutrality 
depend  chiefly  on  correct  precipitation  and  this  has  to  be  done 
with  the  greatest  care.     The  work  should  very  carefully  be 


TEXTILE   SOAPS..  363 

done  with  weaker  briue  of  18°  to  20®  B.,  Dry  common  salt 
should  never  be  used,  as  it  dissolves  too  slowly,  lies  more  on 
the  bottom  and  is  not  so  rapidly  and  uniformly  distributed  in 
the  soap,  so  that  too  much  of  it  may  easily  be  added  when  it 
is  not  required.  While  salting  out  it  is  advisable  to  keep  up 
only  a  very  moderate  fire,  it  being  suflScient  for  the  paste  which 
is  forming  to  break  through  only  here  and  there.  It  has  to 
be  accurately  determined  from  the  quality  of  the  paste  and 
from  the  soap  itself  whether  enough,  too  much,  or  too  little 
brine  has  been  used.  A  small  portion  of  brine  does  not  in  the 
first  instance,  bring  about  a  perceptible  change  in  a  well  com- 
bined soap  which  already  contains  much  salt  derived  from 
scrap  and  paste-grain  ;  if  more  is  added  a  thin,  more  grainy 
wax -like  soap  contracts  in  the  center  till  it  covers  the  entire 
kettle  and  only  allows  the  dark  paste,  formed  with  a  moderate 
fire,  to  break  through  here  and  there  on  the  edge.  Sufficient 
brine  has  been  used  when  the  soap  has  become  thin  and  fit 
for  the  separation  of  the  paste,  showing  at  the  same  time  a 
still  somewhat  moist  finger-pressure.  The  fire  can  then  be  re- 
moved. When  the  soap  has  quieted  down  from  boiling,  the 
kettle  is  covered  and  the  soap  allowed  to  settle  for  36  to  48 
hours,  or  it  is  brought,  after  resting  for  two  hours,  into  large 
frames. 

Green  oliv&ml  soap  from  sulphur  oil. — For  the  manufacture 
of  olive-oil  soaps  the  better  qualities  of  pale  olive  oil  are  less 
frequently  used  than  olive  oil  foots,  and  especially  the  green 
sulphur  oils,  which  are  obtained  by  extracting  the  press-cake 
with  carbon  disulphide.  The  color  of  the  oil  thus  obtained 
varies  very  much,  there  being  found  in  commerce  pale  grass- 
green  varieties,  and  also  some  very  dark  ones,  mixed  with  much 
water  and  dirt.  However,  generally  speaking,  these  oils  purify 
themselves  very  readily  during  saponification  after  salting  out. 
While  all  vegetable  and  other  impurities  easily  sink  to  the 
bottom,  something  of  the  extracting  agent  remains  in  the  soap, 
which  imparts  to  the  finished  product  a  .disagreeable  odor  if 
it  is  not  preferred  to  boil  the  soap  to  a  finish  upon  several 
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waters.  Sulphur  oil  is  frequently  rather  expensive ;  in  this 
case  suitable  fats,  such  as  cottonseed,  peanut  and  sunflower  oils 
may  be  used  in  connection  with  the  oil,  as  well  as  some  animal 
lardaceous  fat. 

The  soap  is  not  prepared  like  settled  neutral  grained  soap 
upon  paste  precipitate,  but  is  finished  upon  pasty  spent  lye,  a 
firmer  product  being  thereby  obtained  and  very  little  grain 
from  the  paste-precipitate. 

No  matter  whether  the  stock  consists  of  sulphur  oil  alone  or 
of  a  mixture  of  fats,  the  process  of  manufacture  differs  always 
from  that  of  ordinary  neutral  soaps,  because  sulphur  oil  con- 
tains much  free  fatty  acid  and  is  therefore  inclined  to  extraor- 
dinarily rapid  combination. 

Suppose  the  stock  consists  of:  Sulphur  oil  1000  lbs.  cotton- 
seed oil  600  lbs.,  horse  fat  200  lbs. 

For  the  saponification  of  this  stock  about  1700  lbs.  of  not 
entirely  caustic  soda  lye  of  25®  B.  are  required.  Bring  the 
lye  into  the  kettle,  start  the  fire  or  bring  it  to  a  boil  and 
then  add  50  lbs.  of  common  salt,  the  object  of  this  addition 
being  to  prevent  too  vigorous  combination.  When  the  salt  is 
melted  gradually  add  in  portions  the  sulphur  oil  to  the  boil- 
ing lye.  Saponification  takes  place  while  the  mass  rises  and 
effervesces,  and  sometimes  lumps  are  formed.  Should  the 
latter  happen  the  lumps  have  to  be  disintegrated  by  boiling 
till  a  smooth  grain  is  formed,  when  another  portion  of 
sulphur  oil  may  be  added.  Continue  in  this  manner  till  all 
the  sulphur  oil  has  been  introduced  and  a  fine-grained  soap 
boils  in  the  kettle.  Now  add  the  cottonseed  oil  and  finally 
the  horse  fat.  When  nearly  all  the  cottonseed  oil  has  been 
introduced  a  slight  combination  will  result  and  may  be  main- 
tained. Even  if  there  is  no  combination,  it  does  not  matter, 
as  this  first  boiling  is  more  of  a  purification.  Test  the  soap 
with  the  tongu« ;  if  quite  a  perceptible  biting  sensation  is  pro- 
duced, «iH  out  till  the-  spent  lye  is  no  hmger  jrfJy-Wre  bat 
runs  from  the  paddle  clear,  though  dirty.  By  allowing  the 
covered  kettle  to  stand  for  a  few  hours  the  colored  lye  settles 
and  the  spent  lye  is  removed  whilst  stirring  vigorously. 
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Boiling  upon  the  second  water  is  now  proceeded  with,  the 
object  of  this  being  to  again  thoroughly  purify  the  soap  and  to 
saponify  any  unsaponified  fat  still  present.  When  the  spent 
lye  has  been  drawn  off,  add,  whilst  at  the  same  time  firing  or 
introducing  steam,  400  to  500  lbs.  of  caustic  soda  lye  of  4®  or 
5^  B.  When  a  nice,  thin  paste  boils  up  in  the  kettle  fit  again 
with  lye  of  25°  B.  so  as  to  produce  a  biting  sensation  upon 
the  tongue  and  salt  out  till  the  spent  lye  again  runs  off  clear. 
Now  add  any  scrap  or  paste-grain  on  hand  and  melt  all  over 
a  moderate  fire  or  with  steam. 

When  everything  is  melted,  the  soap  is  ground  by  the 
addition  of  hot  water  till  the  spent  lye  runs  slightly  pasted 
from  the  paddle.  The  soap  is  allowed  to  settle  for  36  hours, 
the  kettle  being  covered,  and  is  then  brought  into  low  frames. 
By  this  process  firm  soaps  of  fine  quality  which  are  almost 
entirely  neutral  can  be  made. 

Neutral  olein  textile  soap, — For  this  soap  either  saponified 
olein  by  itself,  or  combined  with  bone-fat  or  pale  horse  fat  is 
used.  The  distilled  olein  now  found  in  commerce  is,  if  of 
good  quality,  also  suitable  for  these  soaps.  Since  it,  however, 
contains  less  stearin  than  the  saponified  product  it  is  advisable 
always  to  add  a  smaller  or  larger  quantity  of  the  above-men- 
tioned animal  fats. 

The  mtaufacture  of  olein  grained  soap  is  best  effected  by 
first  bringing  the  quantity  of  lye  required  for  the  saponifica- 
tion of  the  fat  into  the  kettle.  Suppose  a  stock  of  1200  lbs. 
olein  and  300  lbs.  horse  fat  is  to  be  worked.  Bring  into  the 
kettle  1500  lbs.  of  caustic  soda  lye  of  25°  B.  together  with 
about  50  lbs.  of  common  salt,  heat  to  boiling,  and  gradually- 
add  the  olein.  By  this  method  uniform  combination  of  the 
oleic  acid  is  later  on  brought  about  and  by  the  use  of  lye  ol 
the  above-mentioned  strength  the  formation  of  froth  is  pre- 
vented. If  steam  is  available  lye  of  28°  to  30°  B.  may  even 
be  used.  When  fitting  has  been  carefully  attended  to,  salting 
out  is  proceeded  with  till  the  spent  lye  runs  off  clear  and  a 
clear  grain  free  from  froth  is  in  the  kettle.     Any  scrap  on 
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hand  is  now  added  and  melted,  whilst  the  mass  is  gentle  boil- 
ing; the  spent  lye  is  then  allowed  to  settle  and  finally  drawn  off. 
For  the  production  of  a  perfectly  neutral  soap  it  is  advisable  to 
boil  upon  a  second  water.  For  this  purpose  bring  into  the 
kettle  after  the  spent  lye  has  been  drawn  off,  300  to  400  lbs.  of 
caustic  soda  lye  of  3^  to  4^  B.  and  boil  a  thin  clear  paste  soap 
which  is  again  salted  out  after  it  has  been  fitted  so  as  to  pro- 
duce a  biting  sensation  upon  the  tongue.  The  grain  is  then 
gently  boiled  for  one  hour  longer  and  the  spent  lye  allowed 
to  settle  over  night.  The  next  morning  the  spent  lye  is  drawn 
off,  a  few  hundred  pounds  of  weak  caustic  lye  are  again 
brought  into  the  kettle  and  the  mass  is  allowed  to  boil  up, 
enough  water  being  gradually  added  till  a  very  thin  paste 
boils  in  the  kettle.  The  paste  is  then  salted  out  till  the  spent 
lye  runs  off  slightly  pasty.  When  salting  out  has  reached 
this  point,  the  soap  is  again  somewhat  contracted  by  the  addi- 
tion of  water.  When  finished  the  soap  is  allowed  to  settle  for 
36  hours  in  the  covered  kettle  and  then  brought  into  small 
frames. 

Grained  soap  from  fuller^ 8  fat. — Fuller's  fat  can  as  pure  fatty 
acid  be  saponified  in  a  manner  similar  to  olein  or  sulphur  oil. 
It  is  generally  used  in  connection  with  other  fats,  such  as  bone 
fat,  horse  fat,  etc.,  for  dark  soaps,  the  resulting  products  being 
cheap  textile  soaps  of  good  quality,  suitable  for  nlany  pur- 
poses. 

The  white  olein  found  in  commerce  is  usually  distilled  ful- 
ler's fat,  and  it  is  frequently  used  in  coimectionwith  other  fats 
for  making  textile  soaps.  However,  for  dark  milling  soaps  the 
-crude  fuller's  fat  is  as  a  rule  used.  Since  it  is  generally  very 
dirty  and  also  contains  water,  it  should  first  be  boiled  upon 
several  waters ;  only  the  better,  cleaner  qualities  may  be  boiled 
at  the  same  time  with  the  other  fats,  but  in  this  case  it  is  ad- 
visable to  use  at  least  two  waters  in  the  same  way  as  described 
for  olein  soap. 

A  substantial  soap  of  as  good  a  quality  as  can  be  expected 
from  such  products  is  obtained  from  the  following  stock : 
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Fuller's  fat  500  pounds,  bone  fat  500  pounds,  caustic  soda  lye 
of  25°  B.  1000  pounds. 

When  fuller's  fat  of  actually  good  quality  is  available  the 
stock  may  be  composed  of  two  thirds  fuller's  fat  and  one-third 
bone  fat,  but  of  very  inferior  grades  only  one-third  can  be  used. 
For  a  soap  which,  when  dissolved,  is  to  yield  a  very  thin 
dressing,  somewhat  more  fuller's  fat,  or,  still  better,  some  olein, 
has  to  be  used,  and  the  following  stock  can  be  recommended  : 
Fuller's  fat  600  pounds,  olein  400  pounds,  bone  fat  500  pounds. 
This  stock  is  worked  in  the  same  way  as  the  olein  soap  previ- 
ously described. 

Grained  soaps  for  heavy  dressing, — The  soaps  previously  de- 
scribed yield,  when  dissolved  in  hot  water,  a  water-thin  dress- 
ing, while  a  heavy,  jelly-like  one  is  obtained  by  dissolving  a 
grained  tallow  soap.  These  products  are,  as  a  rule,  brought 
into  commerce  as  mottled  grained  soaps.  Three  varieties  of 
these  soaps  are  chiefly  made,  namely,  a  perfectly  pure  grained 
tallow  soap,  one  from  a  mixed  stock  of  tallow  and  tallowy  fats, 
and  one  from  tallowy  fats  only.  A  grained  soap  from  palm- 
kernel  oil  is  also  used  in  the  textile  industry,  and  as  all  these 
soaps  are  made  in  the  same  way,  they  will  here  be  jointly  dis- 
cussed. 

Stocks,  I.  For  pure  grained  tallow  soap. — Tallow  1 500  pounds, 
caustic  soda  lye  of  25°  B.  1500  pounds. 

77.  For  grained  tallow  soap  from  a  mixed  stock. — Tallow  750 
pounds,  bone  fat  or  horse  fat  750  pounds,  caustic  soda  lye  of 
25°  B.  1500  pounds. 

III.  For  grained  palmkemel  oil  soap, — Bleached  palmkernel 
oil  750  lbs.,  tallowy  fats  750  lbs.,  caustic  soda  lye  of  25°  B. 
1500  lbs. 

For  soaps  which  are  to  dissolve  with  greater  ease  the  mixed 
stock  or  that  of  palmkernel  oil  is  used,  while  a  soap  that  is  to 
yield  a  very  heavy  dressing,  can  only  be  made  from  tallow. 
The  process  of  boiling  these  soaps  is  quite  simple,  thorough 
and  intimate  combination  being  the  first  requirement  and 
this,   when  working  tallow,  demands  great  attention.     The 
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soap  should  also  be  of  the  proper  quality  to  form  a  good  flux 
in  the  frame. 

When  working  with  direct  fire  lye  of  25®  B.  is  too  strong 
and  even  when  boiling  with  steam  it  is  advisable  to  add 
some  water. 

Suppose  stock  11  is  in  the  kettle,  then  add  100  lbs.  of  lye 
and  200  lbs.  of  water,  or  introduce  direct  steam  and  combine 
the  mass  by  boiling.  When  thorough  combination  has  been 
effected  continue  with  the  addition  of  lye  and  eventually  of 
some  water,  frequently  regulating  the  fitting  and  combination 
till  there  is  a  clear,  thoroughly  fitted  paste.  Proper  fitting  is 
of  the  utmost  importance  because  tallow  and  tallowy  fats 
saponify  with  great  difficulty  as  many  soap  boilers  have  found 
out  to  their  sorrow.  It  is  often  assumed  that  the  soap  has 
sufficient  fitting,  but  when  boiling  is  continued  it  will  be 
noticed  that  it  is  still  much  too  weak,  and  frequently  so  weak 
that  it  can  only  be  protected  from  running  together  and  thick- 
ening by  the  speedy  addition  of  lye.  For  the  less  experienced 
soap  boiler  it  will  be  advisable  to  allow  these  soaps  to  boil  for 
a  longer  time  in  paste  so  as  to  convince  himself  that  there  is 
sufficient  fitting  and  only  then  proceed  with  salting  out  till 
the  spent  lye  runs  off  clear  and  a  strong,  round  grain  boils  in 
the  kettle.  Now  add  the  scrap  on  hand  and  melt  it  by  mod- 
erate boiling.  With  this  first  salting  out  and  boiling  through^ 
the  soap,  as  a  rule,  will  not  be  sufficiently  strong  and  salt  will 
still  be  lacking.  Dry  common  salt  is  then  added  till  a  quite 
heavy  soap  boiling  deep  down  in  the  kettle  is  produced.  By 
now  allowing  the  kettle  to  stand  for  half  an  hour  a  liquid 
grained  soap,  the  thickness  of  a  finger,  should  have  formed  on 
top,  the  heavy  grain  lying  beneath  it.  If  considerably  more 
liquid  soap  has  been  formed,  the  soap  is  not  firm  enough  and 
common  salt  has  still  to  be  added.  If,  on  the  other  hand,  the 
soap  is  too  strong  and  no  liquid  soap  has  been  formed,  some 
water  has  to  be  added  and  the  whole  again  boiled  through. 
The  finished  soap  is  for  two  hours  allowed  to  settle  in  the 
kettle  and  then  brought  into  frames  which  should  not  be  too 
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wide  or  too  high  and  capable  of  holding  40  to  60  cwts.  Be- 
fore commencing  to  draw  the  sheaves  the  soap  in  the  frame 
is  worked  through  with  long  stirring  paddles  so  that  it  becomes 
very  smooth  and  the  spent  lye  still  adhering  to  it  can  better 
settle  on  the  bottom.  The  operation  of  drawing  the  sheaves 
is  effected  as  follows :  An  iron  rod  reaching  to  the  bottom  of 
the  frame  is  pushed  down  at  one  end  of  the  latter  and  lines  as 
straight  as  possible  are  drawn,  about  |  inch  apart,  first  length- 
wise and  then  crosswise  through  the  entire  frame.  As  the 
drawing  of  perfectly  straight  lines  by  hand  is  even  with  con- 
siderable practice  next  to  impossible,  the  use  of  a  machine 
constructed  for  the  purpose  is  preferable. 

Smooth  white  textile  soap, — As  a  substitute  for  the  mottled 
soap  above  described  a  cheaper  smooth  white  grained  soap  is 
boiled  to  a  finish  direct  upon  spent  lye  from  an  inferior 
quality  of  tallow,  horse  fat,  pale  bone  fat,  and  eventually  also 
some  benzine  fat  or  glue  fat.  The  manufacture  of  these  soaps 
is  quite  simple  if  attention  is  paid  to  thorough  and  intimate 
saponification.  A  stock  which  can  be  recommended  is  as  fol- 
lows :  Tallow  300  lbs.,  horse  fat  or  bone  fat  400  lbs.,  glue  fat 
100  lbs.,  benzine  fat  200  lbs.,  caustic  soda  lye  of  25°  B.,  1000 
lbs. 

Boiling  is  effected  as  follows:  Bring  the  stock  into  the 
kettle,  add  200  lbs.  of  lye  and  some  water,  start  the  fire  or 
boil  the  mass  with  direct  steam  till  a  thoroughly  combined 
paste  has  been  formed.  Then  continue  with  the  addition  of  lye 
and  boil  to  a  clear  well-fitted  paste  and  salt  out  the  latter  till 
the  spent  lye  runs  off  clear.  Now  add  the  scrap,  melt  it  over 
a  moderate  fire  and  allow  the  soap  to  rest  for  two  hours  for 
the  spent  lye  to  settle.  Then  remove  the  latter,  add  300  to 
400  lbs.  of  caustic  soda  lye  of  3°  to  4°  B.  and  bring  the  soap 
into  combination  by  boiling.  While  boiling  add  enough 
water  so  that  the  soap  boils  quite  thin.  When  with  intimate 
combination  thorough  fitting  has  been  attended  to,  salt  out 
carefully  till  the  spent  lye  runs  off  just  slightly  pasty.  If 
salting  out  has  been  carried  too  far  contract  the  soap  again  by 
24 
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adding  water.  The  finished  soap  is  allowed  to  settle  for  24 
hours  in  the  well  covered  kettle  and  then  brought  into  small 
frames  to  cool. 

2.  SOFT  SOAPS  (potash  SOAPS)  FOR  THE  TEXTILE  INDUSTRY. 

Under  smooth  soft  soaps  are  understood  products  which  are 
brought  into  commerce  without  the  formation  of  figging  and 
also  those  which  are  not  transparent  and  clear  but  of  salve- 
like consistency — the  so-called  silver  soaps. 

While,  generally  speaking,  soft  soaps  are  of  less  importance 
for  the  textile  industry  than  hard  soaps,  some  varieties  are 
used  to  a  considerable  extent,  natural  fig  soap  from  olein  and 
tallow  being  most  in  demand.  Besides  there  is  a  firm  potash 
soap,  the  so-called  economy  soap,  which  is  much  used,  chiefly, 
where  sheep's  wool  is  treated. 

Smooth  olein  soft  soap. — Saponified  olein  is  the  best  material 
for  these  soaps,  though  the  best  grade  of  distilled  olein  also 
y  lelds  products  of  good  quality.  Dirty  distilled  olein  of  inferior 
quality  is  entirely  unsuitable  for  the  manufacture  of  soft  soap. 

In  boiling  the  basis-soaps  from  olein  some  other  suitable  fats, 
such  as  cottonseed  oil,  peanut  oil,  etc.,  may  be  added  ;  linseed 
oil,  however,  should  not  be  used  for  these  textile  soaps,  because 
it  gums  and  consequently  is  more  diflBcult  to  remove  from  the 
fabrics.  The  operation  of  boiling  the  soap  depends  on  the 
season  of  the  year,  and  in  summer  a  stock  for  textile  soap  re- 
quires an  addition  of  soda  lye,  this  being  also  partly  necessary 
for  the  reason  that  these  soaps  are  frequently  sold  under  a 
guarantee  of  a  certain  content  of  fatty  acid,  at  least  42  per  cent, 
being,  as  a  rule,  demanded,  which  corresponds  to  a  yield  of 
about  237  per  cent. ;  this  yield  is  obtained  with  the  use  of  20 
per  cent,  of  soda  lye. 

As  caustic  potash  Ij'^e  of  50°  B.  is  at  present  available,  these 
soaps  can  at  all  times  be  correctly  prepared  by  adding  from 
the  start  the  required  alkaline  carbonate  to  the  lye.  For  the 
manufacture  of  smooth  olein  soft  soaps  in  summer,  12  pounds 
potash  with  a  content  of  97  to  98  per  cent,  alkaline  carbonate 
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are  required  for  every  100  pounds  of  caustic  potash  lye  of 
50®  B.,  and  in  winter  17  to  18  pounds.  The  proportion  of 
soda  lye  has  to  be  so  regulated  that  in  the  spring  and  fall  5  to 
15  per  cent,  of  soda  lye  of  25°  B.  are  worked  for  every  100 
pounds  of  fat,  and  in  midsummer  25  per  cent. 

The  process  of  boiling  is  somewhat  different  from  that  of 
ordinary  soft  soaps,  when  neutral  fats  only  are  saponified. 
Saponification  of  a  mixed  stock  consisting  of:  Oleiu  1000 
pounds,  cottonseed  oil  200  pounds,  soda  lye  of  25^  B.  360 
pounds,  potash  lye  of  25®  B.  about  1440  pounds,  is  effected  as 
follows : 

Bring  all  the  lye  required  for  saponification  into  the  kettle, 
start  the  fire  or  bring  to  a  boil  with  direct  steam,  and  then  add 
the  olein  in  portions.  The  latter  is  saponified,  the  mass  rising 
in  the  kettle  and  lumps  being  frequently  formed.  Continue 
boiling  till  these  lumps  are  disintegrated,  then  add  another 
portion  of  olein,  allow  it  to  saponify,  and  continue  with  the 
addition  of  olein  till  all  of  it  is  in  the  kettle ;  then  add  the 
cottonseed  oil.  When  nearly  the  entire  stock  of  fat  is  in  the 
kettle  the  soap  passes  into  combination.  It  is  then  boiled  until 
quite  free  from  froth  and  fitted  so  as  to  show  a  good  flower 
upon  the  glass.  By  now  evaporating  to  a  finish  free  from 
froth,  so  that  the  soap  breaks  into  small  roses  over  the  entire 
surface,  it  will  show  a  good  flower  upon  the  glass  and  the 
samples  will  pile  up.  If  the  samples  cool  without  being 
viscid,  the  basis-soap  is  ready. 

In  case  the  soap  is  viscid  some  potash  solution  of  80®  B. 
may  be  added  to  reduce  the  causticity.  Should  the  soap,  in 
consequence  of  this  addition,  become  too  strong,  olein  or  cotton 
seed  oil  has  to  be  added  till  the  proper  degree  of  fitting  has 
been  attained.  Soap  thus  fitted  and  free  from  froth  will  give 
a  yield  of  233  to  240  per  cent.  If  the  soap  is  not  to  be  sold 
according  to  the  content  of  fatty  acid,  15  to  20  per  cent,  of 
potassium  chloride  solution  of  13®  B.  may  without  hesitation 
be  crutched  in  the  next  morning,  but  the  soap  has  to  be  again 
fitted  to  "  flower." 
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Smooth  green  mlphur  oil  soap, — This  soap  is  also  in  demand 
in  some  branches  of  the  textile  industry.  It  may  be  prepared 
from  sulphur  oil  alone,  or  with  the  additions  of  olive  oil  foots 
containing  stearin,  or  that  of  other  fats  such  as  cottonseed  oil, 
peanut  oil,  etc. 

The  green  sulphur  oil  is  frequently  very  dirty  and  contains 
water.  In  this  case  it  must,  previous  to  saponification,  be 
purified  and  clarified  upon  salt  water.  By  thoroughly  boiling 
upon  the  salt  water  it  also  loses  some  of  its  disagreeable  odor. 
For  the  summer  months  sulphur  oils  containing  stearin,  and 
olive  oil  foots  are  very  suitable,  but  for  the  winter  months  it 
is  advisable  to  use  some  cottonseed  or  similar  oil  as  an  addi- 
tion. If  sulphur  oil  is  more  expensive  than  cottonseed  oil  or 
peanut  oil,  the  latter  may  be  used  as  principal  oils,  a  pale  soap 
of  excellent  quality  being,  for  instance,  obtained  from  f  cotton- 
seed oil  and  ^  sulphur  oil. 

In  boiling  these  soaps  it  is  always  well  to  boil  the  sulphur 
oil  by  itself;  it  enters  quickly  into  combination  and  the  soap 
readily  clods.  By,  however,  bringing  at  once  as  much  lye  into 
the  kettle  as  the  oil  requires  for  saponification  and  gradually 
crutching  the  oil  into  the  hot  lye  such  unpleasant  occurrence 
is  avoided. 

Potash  soap  can  also  be  made  from  olive  oil. foots  but  it  is 
advisable  to  boil  the  oil  upon  salt  water  partly  on  account  of 
its  odor  and  partly  for  the  precipitation  of  the  coloring  matter 
and  particles  of  dirt. 

Sulphur  oil  by  itself  or  in  connection  with  other  oils  is  best 
boiled  in  the  same  manner  as  previously  described  for  olein 
soft  soap.  If,  however,  a  predominant  quantity  of  cottonseed 
or  peanut  oil  is  used  and  only  a  small  quantity  of  sulphur 
oil,  the  ordinary  method  of  boiling  customary  for  neutral  fats 
is  employed.  With  a  stock  of  cottonseed  oil  100  lbs.,  sulphur 
oil  250  lbs.,  the  same  proportion  of  causticity  is  used  as  when 
working  with  sulphur  oil  alone.  In  the  spring  and  fall  5  to 
15  per  cent,  of  soda  lye  is  taken  and  in  midsummer  25  to  30 
per  cent.,  while  in  winter  it  is  best  to  entirely  omit  the  soda 
lye. 
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When  boiling  with  caustic  potash  lye  of  50°  B.  12  pounds 
of  97  to  98  per  cent,  potash  are  used  for  every  100  pounds  of 
caustic  potash  lye  to  reduce  the  causticity,  and  in  winter  15  to 
17  pounds ;  this  gives  the  proper  lye  for  boiling. 

For  the  saponification  of  the  above-mentioned  stock  about 
1875  pounds  of  potash  lye  of  25°  B.  are  required  ;  in  case  20 
per  cent,  of  soda  lye  is  to  be  used  together  with  the  potash  lye. 
the  quantity  of  the  latter  has  to  be  accordingly  reduced. 
When  boiling  in  the  old-established  way,  30  pounds  of  caustic 
potash  lye  of  25°  B.  and  300  pounds  of  water  are  added  to  the 
stock  of  fat  in  the  kettle.  Start  the  fire  or  boil  with  steam  till 
combination  is  efifected.  Then  add  more  potash  lye  of  25°  B. 
till  about  two-thirds  of  it  has  been  used.  The  soap  has  now 
suflScient  lye  to  prevent  it  from  readily  becoming  thick.  Now 
work  in  the  soda  lye  and  fit  with  the  remaining  potash  lye  to 
■a  light  flower  upon  the  glass.  The  actual  evaporation  to  a 
finish  is  only  proceeded  with  when  it  is  shown  by  a  sample 
upon  the  glass  that  sufficient  lye  in  proportion  to  fat  has  been 
added.  The  soap  is  then  evaporated  till  it  is  free  from  froth, 
which  finishes  the  operation.  If  the  soap  is  to  be  filled,  20 
per  cent,  of  potassium  chloride  solution  is  crutched  in  the  next 
<lay,  and  it  is  again  thoroughly  fitted. 

Natural  fig  soap  from  olem  and  tallow, — There  is  considerable 
<lemand  for  this  soap,  which  is  boiled  with  potash  lye  alone. 
The  operation  of  boiling  is  the  same  in  summer  and  in  winter, 
the  only  difference  being  in  the  proportion  of  causticity  and 
istocks  of  fat.  More  tallow  is  used  in  the  summer  months  and 
the  soap  must  be  made  somewhat  more  caustic  than  in  winter. 
When  working  with  caustic  potash  lye  of  50°  B.,add  for  every 
100  pounds  of  it  20  pounds  97  to  98  per  cent,  potash,  and  in 
winter  30  pounds. 

Saponified  olein  is  the  best  material  for  these  soaps,  though 
■a  good  quality  of  the  distilled  product  may  also  be  used. 

Stock  Jot  summer, — Olein  1000  pounds,  tallow  900  pounds, 
•crude  palm  oil  100  pounds,  caustic  potash  lye  of  35°  B.  3000 
pounds. 
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Stock  for  winter, — Olein  1200  lbs.,  tallow  700  lbs.,  crude 
palm  oil  100  lbs.,  caustic  potash  lye  of  25^  B.  3000  lbs. 

The  soap  is  made  as  follows  :  No  matter  whether  working 
with  steam  or  direct  fire,  the  lye  may  always  be  used  of  the 
strength  mentioned  in  the  formulae,  because  with  olein  in  the 
stock  the  stronger  lye  always  effects  thorough  combination. 
The  palm  oil  in  the  stock  is  temporarily  reserved  and  intro- 
duced later  on,  a  soap  of  a  finer  color  being  thus  obtained. 
Otherwise  the  entire  stock  may  be  brought  into  the  kettle  to- 
gether with  one-fifth  of  the  caustic  potash  lye  of  25°  B.  and, 
when  the  mass  is  boiling,  combination  will,  with  the  assistance 
of  the  crutch,  be  immediately  effected.  The  remainder  of  the 
lye  is  then  gradually  added,  allowing  the  mass  to  thoroughly 
boil  through  after  each  addition  before  introducing  the  next 
portion,  and  the  soap  is  then  fitted  so  as  to  produce  quite  a 
biting  sensation  upon  the  tongue.  It  will  now  boil  quite  free 
from  froth  and  vigorous  evaporation  will  not  be  necessary. 
The  palm  oil  is  then  introduced  whilst  the  soap  is  boiling 
gently,  and  when  thoroughly  saponified,  fitting  to  a  light 
flower  upon  the  glass  is  proceeded  with,  the  soap  being  at  the 
same  time  evaporated  so  that  it  is  free  from  froth  and  bubbles, 
which  is  recognized  by  its  breaking  into  roses. 

When  the  last  portion  of  the  palm  oil  has  been  incorporated 
with  the  soap  and  the  latter  has  been  sufficiently  fitted,  it  will 
be  seen  from  the  way  it  boils  in  the  kettle,  otherwise  from 
samples,  whether  it  has  been  evaporated  too  much  or  too  little, 
and  also  whether  it  is  too  caustic  or  too  rich  in  carbonate. 

The  most  experienced  soapboiler  is  frequently  deceived  re-^ 
garding  the  quality  of  a  strongly  evaporated  natural  fig  soap 
as  the  normal  proportion  of  fitting  cannot  be  recognized.  A 
sample  upon  the  test-glass  should  slowly  cool  and  when  cold 
on  the  sides  allow  of  the  finger  being  passed  through  the  cen- 
ter ;  it  should  also  not  pile  up  too  high.  When  the  soap  is  en- 
tirely cold  the  fitting  should  perceptibly  lie  upon  it  like  a 
breath. 

In  boiling  natural  fig  soaps  it  is  of  course  first  of  all  neces-^ 
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sary  to  see  that  the  potash  and  potash  lye  are  perfectly  free 
from  soda,  because  on  this  depends  the  good  figging  of  the 
soap.  The  slighest  content  of  soda  causes  the  soap  to  become 
inert,  or  at  least  the  formation  of  a  torn  feathery  figging. 
Soaps  properly  boiled  may  the  next  day  be  filled  with  some 
solution  of  potash  or  potassium  chloride  of  13^  B.  When  not 
too  much  evaporated  a  yield  of  about  245  per  cent,  will  be 
obtained. 

Economy  soap, — Besides  the  soft  soaps  previously  described, 
there  are  made  in  some  localities  so-called  economy  soaps  the 
best  qualities  of  substantial  fats  and  potash  lye  only  being 
used  for  them.  They  are  thus  firm  potash  soaps  from  vary- 
ing stocks  of  fats,  the  most  suitable  components  being  tallow, 
bone  fat  and  palm  oil,  though  small  quantities  of  fuller's  fat 
and  wool  fat  are  occasionally  used,  but  the  resulting  product 
is  of  a  darker  color.  This  economy  soap  is  a  pecular  product, 
since,  after  being  fitted  with  caustic  potash  lye,  it  receives  in 
addition  about  15  to  20  per  cent,  of  potash  solution  of  30°  B., 
and  then  has  the  appearance  of  overdone  soft  soap.  It  is  then 
evaporated  till  a  sample  after  lying  for  two  hours  upon  the 
glass  becomes  firm. 

The  soapboiler  who  wants  to  manufacture  this  soap  should 
understand  why  it  is  made  in  this  way.  Economy  soap  is 
chiefly  employed  in  milling  heavy  woolen  fabrics  of  sheep's 
wool.  The  latter  contains  fat,  the  so-called  wool  fat,  which  is 
never  entirely  removed  by  the  preparatory  treatment,  and  this 
has  subsequently  to  be  effected  by  means  of  soap,  one  with  an 
excess  of  alkali  being  used.  Now,  if  the  soap  should  possess 
an  excess  of  caustic  alkali  the  fabrics  and  colors  would  be  at- 
tacked and  for  this  reason  carbonate  of  potash  solution  is 
added  which  in  milling  the  fabrics  removes  the  particles  of 
wool  fat  still  adhering  to  them. 

SwUable  stocks  are : — Tallow  500  lbs,,  bone  fat  500  lbs.,  palm 
oil  100  lbs.,  caustic  potash  lye  of  25°  B.  1650  lbs.,  potash  solu- 
tion of  30°  B.  220  lbs. ; 

Or:— Bone  fat  800  lbs.,  tallow  200  lbs.  wool  fat  or  fuller's 
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fat  200  lbs.,  caustic  potash  lye  of  25<^  B.  1800  lbs.,  potash 
solution  of  30°  B.  240  lbs. 

The  soap  is  made  in  the  same  way  as  soft  soaps.  The  stock 
is  brought  into  the  kettle  together  with  250  lbs.  of  potash  lye 
of  25^  B.  and  200  lbs.  of  water  and  the  mass  boiled  till  thor- 
oughly combined.  Then,  to  prevent  the  mass  from  thicken- 
ing add  again  lye  of  25°  B.  and  continue  doing  so,  whilst 
increasing  the  fire,  till  the  soap  has  become  quite  clear  and 
shows  a  light  flower  upon  the  glass.  Now  evaporate  till  the 
soap  is  quite  free  from  froth  and  then  add  the  potash  solution. 
When  all  is  thoroughly  boiled  through,  it  will  be  found  that 
a  sample  upon  the  glass  will  become  turbid  like  a  thoroughly 
overdone  soft  soap.  However,  this  does  not  matter,  and 
should  be  so.  In  about  two  hours  the  soap  again  becomes 
clear.  It  is  now  evaporated  till  after  lying  for  two  hours  it 
has  become  as  firm  as  desired,  i.  €.,  that,  when  cold,  it  can  be 
cut  into  bars.  The  fire  is  then  withdrawn,  the  soap  allowed 
to  stand  till  the  next  morning  when  it  is  thoroughly  crutched 
and  brought  into  frames  to  cool.  The  lye  for  boiling  this 
soap  is  prepared  from  caustic  potash  lye  of  50®  B,  by  adding 
to  every  100  lbs.  of  it  25  lbs.  of  97  to  98  per  cent,  potash. 


CHAPTER  XVI. 

Washing  Powders  and  Allied  Products. 

Washing  Powders. — The  term  washing  powders  would  seem 
the  more  correct  one  for  this  kind  of  detergents  because  the 
name  soap  powders,  which  is  sometimes  applied  to  them,  may 
lead  to  confusion,  as  these  products  do  not  consist  of  soap  alone, 
most  of  them  containing,  besides  soap,  free  soda,  generally  in 
the  form  of  soda  crystals.  Free  caustic  soda  should  not  be 
present  in  them,  or  at  least  only  traces  of  it. 

The  preparation  of  washing  powders  is  comparatively  quite 
simple,  although  various  methods  may  be  adopted  to  obtain  a 
product  of  good  quality. 

1.  A  soap  solution  is  boiled  to  a  finish  and  to  this  is  added, 
whilst  constantly  stirring,  soda  ash  until  a  perfectly  homoge- 
neous mixture  results.  After  cooling,  the  pasty  mass  is  brought 
into  frames,  and  when  it  has  become  hard  is  crushed  and 
ground  to  a  more  or  less  fine  powder. 

2.  Finished  soap  is  with  the  addition  of  water  liquefied  to 
soap  paste  when  the  soda  is  introduced,  the  further  operations 
being  the  same  as  given  under  1.  However,  this  method  is 
of  advantage  only  where  waste  and  scrap  are  available  or  can 
be  cheaply  procured. 

3.  A  fatty  acid  is  melted  together  with  soda  so  that  a  moist 
mass  is  formed,  which  is  exposed  in  thin  layers  to  the  air ; 
with  a  rise  in  the  temperature  a  sort  of  saponification  takes 
plac^,  after  which  the  mass  is  crushed,  ground  and  sifted. 

According  to  Method  1,  a  thin  soap  paste  is  boiled  from  suit- 
able fats,  sometimes  with  the  addition  of  rosin.  The  soap 
while  still  liquid  is  brought  into  a  jacketed  pan  furnished  with 
a  strong  stirring  apparatus  so  that  the  mass  can  be  thoroughly 
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mixed.  The  soap  paste  in  the  pan  should  be  thoroughly 
cooled  by  running  cold  water  through  the  jacket.  When  the 
soap  paste  has  been  sufficiently  cooled,  the  soda  is  slowly  and 
regularly  added,  whilst  constantly  stirring,  and  without  in- 
terrupting the  cooling.  When  all  is  thoroughly  dissolved  and 
the  mass  is  uniformly  mixed,  the  soap  is  drawn  off  into  frames 
to  solidify. 

The  Blanchard  soap  powder  crusher,  manufactured  by 
Houcbin-Aiken  Co.,  Brooklyn,  N.  Y.  and  shown  in  Fig.  35 
with  the  hopper  removed  is  a  ver)'  useful  machine.  This 
crusher  will  take  lumps  of  powder  from  the  frame,  in  sizes  not 
exceeding  12  inches  thick  by  20  inches  wide  by  any  length 
required,  and  reduce  these  large  lumps  to  about  the  size  ot 

Fin.  S5. 


eggs  or  smaller,  making  an  ideal  product  for  feeding  to  the 
mill. 

The  usual  practice  is  to  Up  the  slab  from  the  frame  bottom 
to  the  floor  and  break  it  up  with  a  pick  or  axe  into  a  few 
lai^e  pieces,  which  can  be  easily  thrown  into  the  crusher. 
Where  the  powder  is  mixed  on  the  floor  or  on  trays,  the 
crusher  need  not  be  used  at  all,  but  where  floor  space  is  valu- 
able and  the  labor  item  expensive,  the  most  economical 
method  is  believed  to  be  to  frame  the  powder  and  run  it 
through  the  crusher.  The  stock  can  then  he  delivered  into  a 
conveyor  and  elevated  directly  from  the  crusher  and  stored  in 
a  bin  over  the  mill,  thus  saving  all  handling  of  material. 


WASHIBO   P0WDBB8   AND   ALLIED   PRODUCTS.  379 

Pig.  36  shows  a  Blanchard  mill,  also  manufactured  by  the 
ahove  mentioned  firm.  This  machine  is  designed  for  the 
grinding  of  soap  powder  iifter  leaving  the  crusher  or  from  the 
drying  trays.  The  powder  is  ground  hy  repeated  blows  of 
rapily  revolving  steel  beaters. 

A  perforated  screen  made  of  a  special  wear- resisting  metal 
is  bailt  into  the  machine,  and  all  material  fed  into  the  mill  is 
retained  in  the  grinding  chamber  until  fine  enough  topaasthis 
screen.  Therefore,  the  product,  as  it  leaves  the  mill,  is  ground 
fine  and  ready  for  packing.  The  feeder  is  very  simple  and 
effective  and  is  entirely  automatic.  It  can  be  regulated  to 
deliver  any  required  quantity  up  to  the  capacity  of  the  machine. 
This  machine  is  intended  to  be  supplied  from  a  storage  bin 
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overhead  and  discharge  below  into  a  receiving  hopper  or  bar- 
rels. With  this  arrangement  the  laborcost  is  practically  noth- 
ing, aa  it  allows  the  attendant  to  devote  his  time  to  other  work. 
To  prevent  the  heating  of  the  stock,  the  machine  is  provided 
with  an  effective  means  to  maintain  a  sufficient  circulation  of 


The  operation,  according  to  Method  2,  is  carried  on  in  the 
same  manner  as  Method  ],  it  being  only  necessary  to  convert 
the  waste  and  scrap  into  a  homogeneous  paste  into  which  the 
soda  is  mixed. 

Method  3  is  a  very  convenient  one,  since  only  fatty  acids, 
especially  oleines,  are  required  and  they  can  be  saponified 
direct  with  sodium  carbonate,  it  being  then  not  necessary  to 
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first  prepare  a  soap  paste,  but  simply  to  bring  the  soda  solution 
into  the  mixing  kettle,  or  melt  the  soda  crystals  and  run  in, 
whilst  constantly  stirring,  the  fatty  acids.  If  required,  a  small 
quantity  of  caustic  lye — 10  to  12  per  cent. — may  be  added  at  • 
the  end  of  the  operation  so  as  to  be  sure  that  all  the  fatty  acid 
is  saponified. 

There  is  considerable  variation  in  the  composition  of  wash- 
ing powders,  they  showing  especially  a  great  diflFerence  as  re- 
gards the  content  of  fatt}'  acids,  which  are  the  most  valuable 
of  the  separate  constituents.  Rosin  may  be  substituted  for  a 
portion  of  the  fatty  acids,  but  for  practical  reasons  too  much  of 
it  cannot  be  used,  as  otherwise  the  resulting  product  would 
turn  out  smeary  and  not  capable  of  being  pulverized.  Impure 
fats,  such  as  bone  fat,  waste  fat,  etc.,  are  sometimes  used  for 
the  preparation  of  washing  powders.  In  that  case  the  soap  has 
to  be  salted  out  before  introducing  the  soda,  the  impurities 
then  passing  into  the  spent  lye.  Dark  fats  have  to  be  bleached 
by  adding  a  little  chloride  of  lime  solution.  Free  chlorine 
should  not  be  present  in  washing  powder,  as  the  latter  is  not 
intended  for  a  bleaching  medium,  and  larger  quantities  of 
combinations  with  active  chlorine  would  injure  fabrics. 

Many  washing  powders  contain  silicate  of  soda  in  the  pro- 
portion of  2  to  5  per  cent,  of  the  total  weight.  While  such  an 
addition  can  do  no  harm,  it  is  doubtful  whether  it  is  of  any 
actual  value,  for  the  object  of  softening  the  water  is  to  a  sufS- 
cient  degree  attained  by  the  soda  alone.  Mineral  substances, 
such  as  talc,  infusorial  earth,  etc.,  added  to  washing  powders 
have  a  mechanically  detergent  action,  but  clothes  washed  with 
powders  containing  such  additions  have  to  be  repeatedly  and 
slowly  rinsed  to  remove  the  mineral  substance.  Talc  is  especi- 
ally added  with  the  object  of  making  the  powder  slippery  so 
as  to  appear  fat.  Some  washing  powders  are  perfumed,  gen- 
erally with  oil  of  mirbane  or  orris-root  powder. 

Good  washing  powders  consist  of:  Fatty  acid  30  to  40  per 
cent.,  soda  30  to  35  per  cent.,  water  30  to  40  per  cent.  In- 
ferior soap  powders  contain  only  5  to  10  per  cent,  of  fatty  acid  ; 
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they  are  unfit  for  laundry  work,  but  serve  for  scrubbing  tables, 
floors,  decks  of  steamers,  etc.  In  the  manufacture  of  inferior 
grades  of  washing  powders  all  kinds  of  devices  have  been  re- 
sorted to  to  make  them  appear  more  substantial.  Thus,  for  in- 
stance, linseed  meal  has  been  boiled  up  direct  with  caustic  lye, 
whereby  a  thin  linseed-oil  soap  is  obtained,  and  besides  some 
albuminous  substances  pass  from  the  seed  into  the  solution. 
This  produces  quite  a  strong  lather  when  the  product  is  used 
and  assists  in  the  deception  that  it  contains  a  larger  content  of 
soap  than  is  actually  the  case. 

For  washing  electros  and  type  a  soap  powder  has  been  intro- 
duced that  contains  very  little  fat,  but  from  10  to  15  per  cent, 
caustic  alkali.  It  is  more  convenient  for  use  than  caustic  lye, 
but  has  the  drawback  of  readily  losing  its  content  of  caustic 
alkali,  the  latter  being  converted  into  carbonate  by  taking  up 
carbonic  acid  from  the  air. 

Bleaching  soda,  which  has  been  widely  advertised  and  is  sold 
in  considerable  quantities,  must  also  be  classed  as  a  washing 
powder.  Notwithstanding  its  name,  it  possesses  no  bleaching 
properties.  It  varies  very  much  in  composition,  but  usually 
consists  of  soda  crystals  80  parts,  silicate  of  soda  20  parts. 

Thompson's  washing  powder  belongs  to  the  better  class  of 
commercial  washing  powder.  The  following  formula  may 
serve  as  an  example  of  its  composition  :  Caustic  soda  30  parts 
by  weight,  water  90  parts  by  weight  (=  120  parts  by  weight 
of  caustic  soda  lye  of  30°  B.),  palmkernel  oil  1000  parts  by 
weight,  oleic  acid  50  parts  by  weight,  soda  ash  90  parts  by 
weight,  water  60  parts  by  weight. 

Bring  the  caustic  soda  into  a  kettle,  pour  the  water  over  it, 
and  crutch  occasionally  until  all  is  dissolved.  Heat  the  lye 
of  30°  B.,  which  has  thus  been  obtained,  by  a  direct  fire  or 
steam  to  the  boiling  point,  and  then  add,  whilst  crutching  or 
stirring,  the  oleic  acid  which  will  immediately  saponify. 
Next  add  the  palmkernel  oil  and  heat  the  mass  until  uniform 
saponification  has  taken  place  which  is  recognized  by  no  un- 
combined  fat  or  lye  being  noticed  and  by  the  appearance  of  a 
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homogeneous  compact  mass  which  on  cooling  becomes  sohd 
and  produces  a  faint  biting  sensation  upon  the  tongue.  When 
the  soap  has  been  boiling  through  for  about  ten  minutes  add, 
whilst  constantly  agitating  the  mass,  the  quantity  of  soda 
which  has  in  the  meanwhile  been  prepared.  The  working  in 
of  the  soda  may,  in  the  beginning  of  the  operation,  be  done 
with  a  wooden  stirrer,  but  finally  a  shovel  or  paddle  has  to 
be  used.  The  more  soda  is  used  the  more  diflScult  the  work 
becomes,  because  the  soap  mass,  at  first  pasty,  becomes  doughy 
and  finally  crumbly.  For  working  on  a  large  scale  a  mixer 
or  disintegrator  is  used  for  working  the  heavy  mass  of  soap 
and  soda  ash.  It  is  provided  with  a  strong  stirrer  and  sifting 
contrivance,  and  run  by  power.  When  working  according  to 
the  first  mentioned  method,  the  hot,  pulpy  mass  of  soap  is 
brought  into  low  boxes  or  wooden  frames  in  which  in  a  few 
days  it  solidifies  to  a  compact  mass  hard  as  stone.  This  mass 
has  to  be  broken  up,  crushed  and  finally  ground  in  the  mill. 
With  the  use  of  the  mixer  or  disintegrator  the  lumps  of  soap 
are  broken  up  by  being  constantly  worked  so  that  the  mass, 
assisted  by  self-heating,  finally  forms  a  powder  w^hich  only 
requires  sifting,  the  use  of  a  mill  being  thus  dispensed  with. 
However,  if  a  powder  in  the  form  of  a  fine  flour  is  desired,  it  is 
advisable  to  pass  the  product  through  a  mill.  When  working 
with  direct  steam,  as  is  generally  the  case,  about  60  parts  by 
weight  of  water  are  brought  into  the  mass  by  the  steam  as 
condensed  st^am  so  that  a  powder  with  a  content  of  35  to  36 
per  cent,  fatty  acid  is  obtained.  Hence,  the  content  of  fatty 
acid  may,  as  desired,  be  more  or  less  reduced  by  the  addition 
of  soda  or  water.  When  working  with  indirect  steam,  or  an 
open  fire  a  powder  with  a  content  of  about  39  to  40  per  cent 
fatty  acid  is  obtained  which  may  be  reduced  by  the  addition 
of  soda  ash  and  water. 

Washing. powder  with  a  high  content  of  fatty  cund  is  prepared 
by  heating  in  a  kettle  200  lbs.  caustic  soda  of  24^  B.,  gradu- 
ally introducing  150  lbs.  oleic  acid  and  50  lbs.  palmkemel  oil, 
and  boiling  until  a  clear  paste  is  formed.     Then  crutch  in  200 
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lbs.  soda  ash  and  work  the  whole  thoroughly  through.  Bring 
the  thick  pulpy  mass  into  low  frames  to  solidify.  The  mass 
when  taken  from  the  frames  is  broken  up  and  ground  to 
powder  in  the  mill.  The  product  thus  obtained  will  keep 
perfectly  dry  in  paper  packages. 

Cheap  tvashing-powders. — Olein  140  lbs.,  palmkemel  oil  52 
lbs.,  unbleached  palm  oil  8  lbs.  caustic  soda  lye  of  25^  B.  200 
lbs. 

Bring  the  lye  into  the  kettle,  bring  it  to  the  boil  by  steam  or 
a  fire,  and  successively  add  the  fats.  When  the  fat  has  saponi- 
fied, combination  and  consequently  a  well-fitted  paste  is  ob- 
tained. Now  withdraw  the  fire  or  shut  off  the  steam  and,  ac- 
cording to  the  quality  of  powder  required,  crutch  in  a  larger 
or  smaller  quantity  of  soda  ash  until  the  mass  becomes 
crumbly. 

If  powder  of  a  very  good  quality  is  required,  somewhat 
weaker  lye  is  used.  If,  with  the  above  mentioned  quantities, 
about  120  lbs.  of  soda  ash  are  added,  a  yield  of  260  per  cent., 
which  corresponds  to  a  content  of  38  per  cent,  of  fatty  acid,  is 
obtained.  If  the  powder  is  to  be  filled  with  talc,  stir  up  2 
parts  of  talc  in  1  part  of  water  and  crutch  in  the  mixture.  If 
the  powder,  however,  still  contains  much  water,  the  talc  may 
be  stirred  in  dry.  The  more  water  is  incorporated  with  the 
powder,  the  more  soda  can  be  added  and  the  cheaper  the  pro- 
duct will  consequently  be. 

Below  a  few  formulas  for  washing  powders  are  given*: 

I.  Wax  grained  soap  200  lbs.,  or  rosined  grained  soap  240 
lbs.,  water  200  to  300  lbs.,  soda  crystals  200  to  300  lbs.,  soda 
ash  160  to  200  lbs. 

II.  Rosined  grained  soap  200  lbs.,  soda  crystals  800  to  1100 
lbs.,  soda  ash  200  to  300  lbs. 

III.  Olein  200  lbs.,  palm-kernel  oil  140  lbs.,  crude  palm- 
oil  60  lbs.,  caustic  soda  lye  of  25'*  B.  400  lbs.,  water  200  lbs., 
soda  ash  2000  to  2400  lbs. 

Crutch  in  the  soda  without  allowing  the  mass  to  boil. 
Washing  powder  wUhout  the  use  of  a  mill. — For  small  works 
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the  preparation  of  washing  powder  without  the  assistance  of  a 
mill  can  be  recommended,  as  the  necessary  utensils  are  on 
hand  in  every  soap  factory  and  it  will  at  the  utmost  be  neces- 
sary to  procure  a  sieve.     Suitable  compositions  are  as  follows : 

I.  Soda  crystals  200  lbs.,  soap  100  lbs.,  soda  ash  100  lbs.,  or 

II.  Olein  200  lbs.,  caustic  soda  lye  of  25°  B.  200  lbs.,  soda 
ash  200  lbs. 

Bring  into  a  small  kettle  the  200  pounds  of  crystal  soda  and 
melt  in  them  the  100  pounds  of  soap  previously  finely  crushed. 
When  all  is  melted,  stir  in  the  soda  ash  and  remove  the  fire. 
The  process  is  exactly  the  same  with  composition  II,.  which 
has  first  to  be  saponified  with  the  lye.  The  fire  is  also  with- 
drawn and  the  soda  stirred  in.  In  the  meanwhile  a  number 
of  trays  are  laid  out  in  a  cool  room,  and  the  contents  of  the 
kettle  are  spread  out  in  thin  layers  upon  the  trays  by  means  of 
a  shovel.  At  short  intervals  the  mass  is  turned  with  a  shovel 
and  at  the  same  time  broken  up  as  much  as  possible  by  rubbing 
and  cutting  with  the  shovel,  this  operation  being  continued 
till  the  mass  is  so  far  cooled  that  it  no  longer  smears  but  can 
be  rubbed  into  small  granules.  A  sieve  is  then  placed  over  a 
large  box  and  the  mass  rubbed  through. 

When  working  in  accordance  with  the  above-mentioned 
process  the  soap  can  be  readily  rubbed  through  the  sieve 
without  leaving  behind  any  hard  lumps  which  cannot  be  easily 
reduced.  According  to  whether  a  fine  or  coarse  sieve  is  used 
the  resulting  powder  will  be  of  a  finer  or  coarser  grain.  It  is 
advisable  to  rub  the  soap  first  through  a  coarse  and  then 
through  a  fine  sieve,  a  uniform  powder  of  fine  quality  being 
thereby  obtained.  A  small  percentage  of  soft  soap  may  also 
be  used  in  the  preparation  of  this  powder,  it  servipg  to  render 
the  product  more  delicate  and  more  readily  soluble. 

Dr.  Link's  washing  powder  is  also  prepared  without  the 
assistance  of  a  mill.  It  is  an  excellent  product  and  its  manu- 
facture is  very  simple.  If  only  olein  and  soda  crystals  are 
used  in  its  preparation,  an  extremely  delicate  and  fine  wash- 
ing agent  is  obtained  which,  when  made  without  talc  filling, 
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does  not  leave  behind  the  slightest  precipitate  in  washing. 
The  compositions  of  three  different  qualities  are  given  below  : 

I.  Ground  or  powdered  crystal  soda  160  lbs.,  olein  40  lbs., 
soda  ash  28  lbs. 

II.  Ground  crystal  soda  176  lbs.,  olein  24  lbs.,  soda  ash  20 
lbs. 

III.  Ground  crystal  soda  180  lbs.,  olein  20  Ibs.^  soda  ash 
16  lbs.,  talc  40  lbs. 

Place  two  large  cast-iron  kettles  alongside  each  other.  Into 
one  of  them  sift  through  a  fine  sieve  the  ground  crystal  soda 
together  with  the  soda  ash  as  well  as  the  talc,  if  it  is  to  be 
used,  and  mix  all  thoroughly.  In  the  other  kettle  warm  the 
olein  and,  if  the  powder  is  to  be  of  a  yellowish  color,  melt  a 
small  quantity  of  crude  palm  oil  together  with  the  olein. 

Stir  a  portion  of  the  mixed  soda  slowly  into  the  fat  using  a 
large  paddle  till  a  doughy  mass  is  formed.  Then  add  gradu- 
ally, but  quickly,  the  rest  of  the  soda  and  work  the  mass 
thoroughly  through.  When  all  is  finely  distributed  rub  the 
finished  powder  through  a  sieve  into  a  large  box,  covering  the 
latter,  when  full,  with  a  lid.  The  mass  becomes  self-heated 
and  passes  through  the  saponification  process.  After  a  few 
days  the  powder  can  be  filled  into  packages. 

The  whole  operation  is  simple  and  easy.  Care  must  espec- 
ially taken  that  no  lumps  are  formed  when  the  first  portions 
of  soda  are  added,  as  such  lumps  can  be  reduced  only  with 
great  difficulty.  A  paste  should  first  be  formed  which  by  the 
gradual  addition  of  soda,  whilst  stirring  thoroughly,  finally 
gives  a  dry,  doughy  mass  ;  by  working  in  this  way  no  lumps 
will  be  formed. 

Washing  powder  tvUh  silicaie  of  soda. — In  preparing  this 
powder  first  saponify  in  the  semi-warm  way  the  fat  with  the 
lye  to  a  clear  paste.  Into  this  paste  stir  the  silicate  of  soda 
solution,  then  immediately  add  the  soda,  and  combine  all  by 
energetic  crutching.  Bring  the  pasty  mass  thus  obtained, 
upon  a'  smooth  stone  fioor  and  work  it  with  a  shovel  till  it 
falls  to  pieces,  and  pass  the  latter  first  through  a  coarse,  and 
25 
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then  through  a  fine  sieve.  The  pieces  obtained  by  the  drying 
process  may  also  be  ground  in  a  mill.  Suitable  stocks  are  as 
follows : 

I.  Palmkernel  oil  150  lbs.,  olein  50  lbs.,  caustic  soda  lye  of 
25°  B.  200  lbs.,  silicate  of  soda  150  lbs.,  mixed  with  soft  water 
380  lbs.,  and  caustic  soda  lye  of  38^  B.  20  lbs.,  ammonia  soda 
50  lbs. 

II.  Olein  50  lbs.,  caustic  soda  lye  of  25°  B.  50  lbs.,  silicate 
of  soda  250  lbs.  mixed  with  water  100  lbs.  and  caustic  soda 
lye  of  25°  B.  50  lbs.,  ammonia  soda  500  lbs. 

III.  Palmkernel  oil  80  lbs.,  olein  50  lbs.,  rosin  20  lbs., 
caustic  soda  lye  of  25°  B.  150  lbs.,  water  100  lbs.,  silicate  of 
soda  200  lbs.  mixed  with  caustic  soda  lye  of  38®  B.  30  lbs.,  am- 
monia soda  400  lbs. 

Disinfecting  wdshing  powder. — ^The  discoverer  of  this  prepara- 
tion, Mr.  Hawliczek  first  prepares  a  mixture  of  ordinary  com- 
mercial soft  soap  with  carbolic  acid  or  other  phenols  in  suit- 
able proportions.  This  mixture  is  heated  until  it  acquires 
the  consistency  of  a  jelly.  Infusorial  earth  is  then  mixed  with 
this  jelly  till  the  mass  becomes  granular  or  pulverulent, 
whereby  its  cleansing  properties  are  also  increased.  The  fol- 
lowing proportions  have  been  found  very  suitable : 

Soft  soap  70  parts,  carbolic  acid  20  parts,  infusorial  earth 
80  to  100  parts  according  to  the  desired  quality  of  the  final 
product.  A  small  quantity  of  coloring  matter,  for  instance, 
phenolphthalein  may  finally  be  added.  The  object  of  the  ad- 
dition of  infusorial  earth  is,  on  the  one  hand,  to  transform  the 
gelatinous  mass  into  a  solid  form  and,  on  the  other,  to  retain 
the  carbolic  acid. 

Electra  washing  powder — is  composed  of :  Olein  3  parts,  soda 
ash  53  parts,  caustic  soda  12  part^  with  water  32  parts. 

Gold  dust  washing  powder  is  said  to  be  composed  of :  Anhy- 
drous carbonate  of  soda  49  per  cent.,  soap  43  per  cent.,  water 
8.1  per  cent. 

Lobarthes^  washing  powder  contains :  Ammonia  soda  48  parts, 
75  to  80  per  cent,  potash  6  parts,  70  per  cent,  caustic  soda  86 


WA8HING   POWDBRS   AND    ALLIED   PRODUCTS.  387 

parts,  silicate  of  soda  36  parts,  potassium  permanganate  1  part, 
thyme  oil  0.5  part. 

Time  washing  powder  is  composed  of :  Carbonate  of  soda  58.47 
parts,  soap  2G.10  parts,  water  15.99  parts. 

Pearliiie  washing  powder  is  said  to  consist  of :  Water  12.6 
per  cent.,  anhydrous  carbonate  of  soda  32.3  per  cent.,  soap  35.1 
per  cent. 

Scouring  soap  powder  is  prepared  by  saponifying  30  parts 
olein,  cocoanut  oil  or  palmkernel  oil  with  36  parts  caustic  soda 
lye  of  20^  B.  and  crutching  in  225  parts  soda  ash  and  150 
parts  water.     The  mass,  when  cold,  is  ground  to  a  fine  powder. 

Soapine  washing  powder  is  said  to  be  composed  of:  Water 
15.213  per  cent.,  carbonate  of  soda  49.581  per  cent.,  soap 
35.205  per  cent. 

Japanese  washing  powder  contains  :  Soap  12.0  parts,  soda  ash 
66.0  parts,  carbonate  of  soda  15.0  parts,  ultramarine  0.3  part. 

Washing  powders  without  soap, — These  products  contain  no 
fatty  acid  whatever,  or  at  the  utmost  1  to  4  per  cent.  An 
actual  washing  powder  of  good  quality  possesses  the  same  ad- 
vantages as  soap.  Even  if  it  contains  a  large  amount  of  soda 
it  is  equal  to  soap,  provided  its  price  corresponds  to  its  content 
of  fatty  acid,  and  its  action  may  perhaps  be  more  economical 
than  that  of  soap  of  equal  value,  because  the  salts  of  lime, 
alumina,  magnesia  and  iron  present  in  water  are  precipated 
by  the  soda  in  the  form  of  carbonates  and  not,  at  the  expense 
of  soap,  as  salts  of  fatty  acids.  This  advantage  cannot  be 
claimed  for  many  of  the  so-called  washing  powders,  some  of 
them  having  not  even  the  value  of  pulverized  soda  as  they  are 
partly  mixed  with  salts  totally  unfit  for  washing  purposes. 
Some  contain  also  heavy  spar,  talc  and  other  mineral  consti- 
tuents.    A  few,  however,  possess  considerable  detergent  power. 

FoTster^s  washing  powder. — Borax  60  parts,  crystal  soda  20 
parts,  potash  10  parts,  tartrate  6  parts,  oxalic  acid  5  parts,  sol- 
uble blue  ^  part. 

The  materials  are  intimately  mixed  and  then  form  a  bluish 
powder  which  is  said  to  be  very  suitable  for  laundry  use  and 
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not  to  attack  the  ordinary  colors  of  fabrics.  When  using  this 
washing  powder  the  clothes  are  first  soaked  in  cold  water,  then 
soaped  and  allowed  to  lie  in  cold  water.  Water  is  then  brought 
to  the  boil  and  after  dissolving  in  it  a  quantity  of  the  washing 
powder — I  ounce  to  1  quart  of  water — the  clothes  are  put  in 
and  allowed  to  boil  for  five  minutes.  Rubbing  upon  the  wash- 
board or  other  manipulation  is  not  required.  The  clothes  are 
perfectly  clean,  all  stains  have  disappeared,  and  all  that  is 
necessary  is  to  rinse  them. 

Palme' 8  washmg  powder  is  composed  of:  Borax  30  per  cent, 
half- weathered  soap  61  per  cent.,  sodium  chloride  4  per  cent., 
corn  or  wheat  starch  5  per  cent. 

Washmg  powder  jor  electros  amd  type-settmg  machines. — A 
white  water-soluble  powder  sold  for  this  purpose  consists  of: 
Saltpetre  7.20  per  cent.,  soda  61.50  per  cent.,  borax  12.62  per 
cent.,,  water  18.68  per  cent. 


CHAPTER  XVII. 

ToiLBT  Soaps  and  Soap  Specialties. 

ToiLBT  soaps  are  prepared  essentially  1,  by  the  cold  sapon- 
ification process ;  2,  by  remeltiug  and  subsequent  perfuming, 
and  3,  by  milling,  i.  e,,  by  comminuting,  perfuming,  coloring, 
and  subsequently  pressing  together  by  means  of  specially  con- 
structed machines,  so-called  stock  soaps  carefully  prepared  for 
the  purpose.  Milled  soaps  are  the  most  valuable  and  durable, 
and  at  the  same  time  the  most  expensive,  toilet  soaps  manu- 
factured. They  require  a  great  deal  of  manipulation  by  costly 
machinery,  which  will  be  referred  to  later  on. 

Toilet  soaps  by  the  cold  saponification  process. The  manu- 
facture of  soaps  by  the  cold  process  has  already  been  described 
in  Chapter  XIII.  A  good  quality  of  white,  odorless  soap  pre- 
pared by  cold  saponification  serves  as  basis-soap.  For  ex- 
ample, 66)  pounds  of  cocoanut  oil  are  melted  in  a  jacketed 
pan  and  after  settling  passed  through  a  fine  linen  cloth  or 
hair-sieve  to  remove  any  impurities.  The  oil  is  then  run  into 
the  stirring  kettle  and  when  cooled  to  95°  F.,  33^  pounds  of 
caustic  soda  lye  of  38°  B.  are  run  into  it  in  a  thin  stream  with 
constant  stirring  until  the  oil  is  completely  saponified  and  the 
mass  commences  to  thicken.  It  is  then  cooled  by  stirring  in 
the  dissolved  coloring  matter,  next  perfumed,  and  finally 
brought  into  the  frames,  in  which  it  is  allowed  to  slowly 
congeal. 

It  may  here  again  be  mentioned  that  the  fats  used  in  the 
cold  process  must  be  as  pure  and  fresh  as  possible  and  a  good 
quality  of  caustic  lye  is  absolutely  necessary.  The  fats  and 
lyes  must  be  accurately  weighed  out,  as  an  excess  of  lye  in  the 
soap  makes  it  very  hard,  harsh,  and  biting.     If,  on  the  other 
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hand,  too  little  lye  is  used,  the  fat  would  not  be  completely 
saponified,  and  the  soap  would^  be  greasy  and  soon  acquire  a 
rancid  odor. 

Below  some  formulas  for  toilet  soaps  by  the  cold  process  are 
given : 

Eagle  soap. — Basis-soap  220  lbs.,  Neutral  Brown  12,  2|  ozs., 
lavender  oil  7  ozs.,  mirbane  oil  1^  ozs.,  caraway  oil  6|-  ozs., 
orris-root  oil  8}  ozs.,  musk  tincture  3}  Ozs.,  thyme  oil  and 
rosemary  oil  each  6  ozs. 

Bitter  almond  oil  soap  {genume). — Saponify  cocoanut  oil  44  lbs. 
and  lard  66  lbs.  with  caustic  soda  lye  of  40°  B.  55  lbs.  Per- 
fume  with  bitter  almond  oil  7  to  12  ozs.,  bergamot  oil  3|  to 
5^  ozs.,  lemon  oil  1^  to  3}  ozs. 

Almond  soaps  are  not  colored.  A  peculiar  kind  of  bitter 
almond  oil  soap  is  prepared  as  follows :  Melt  soap  of  a  suitable 
quality  and  stir  in  almond  meal.  The  resulting  soap  is  per- 
fectly opaque  and  when  used  for  washing,  or  when  only  moist- 
ened, has  a  very  agreeable  odor  of  bitter  almonds.  This  is  due 
to  the  fact  that  bitter  almonds  contain  a  peculiar  body — 
amygdalin — which  on  coming  in  contact  with  warm  water  is 
decomposed  and  yields  several  bodies,  oil  of  bitter  almonds 
being  one  of  them. 

Marshmallow  soaps.  A  (best  quality). — Mix  44  lbs.  each  of 
cocoanut  oil,  palm-kernel  and  tallow  soaps.  Perjume :  Lemon 
oil  3 J  ozs.,  bergamot  oil  1\  ozs.,  lavender  oil  14  ozs.,  neroli  oil 
3}  ozs.,peperraint  oil  |  ozs.,  verbena  oil  If  ozs.,  cinnamon  oil 
J  oz. 

Marshmallow  soaps  are  colored  yellow  or  orange  and  bright 
red. 

B  {medium  quality). — Soap  stock  and  coloring  matter  same 
as  for  A.  Perfume:  Lavender  oil  2  to  3  ozs.,  oil  of  cloves  3 J 
to  5  ozs.,  orange-peel  oil  5  to  8^  ozs,  patchouli  oil  1  to  1^  ozs., 
cassia  oil  2  to  2|  ozs. 

C  (prdivary  quality). — Soap  stock  and  coloring  same  as  for  A 
and  B.  Perfume :  Lemon  oil  2f  to  4J  ozs.,  caraway  oil  2f  to 
3J  ozs.,  curled  mint  oil  1 J  to  If  ozs.,  rosemary  oil  1|  to  2  ozs., 
sage  oil  If  to  2  ozs.,  spike  lavender  oil  7}to  10  ozs. 
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Nutmeg  soap. — This  soap  with  a  pure  nutmeg-oil  odor  is  pre- 
pared by  perfuming  soap  with  optional  quantities  of  nutmeg 
oil  and  coloring  it,  as  a  rule,  yellow,  saffron  being  used  for  the 
better  qualities  and  curcuma  for  inferior  ones.  A  still  finer 
product  is  obtained  by  using  for  perfuming  the  soap,  in  addi- 
tion to  nutmeg  oil,  other  suitable  oils,  for  instance :  White 
soap  220  lbs.,  nutmeg  oil  3|  to  5^  ozs.,  mace  oil  |  to  1  oz.,  oil 
of  cloves  ^  to  f  oz,  tincture  of  musk  ^  to  f  oz.,  cassia  oil  f  to 
1  oz. 

Honey  soap. — Cocoanut  oil  100  lbs.,  caustic  soda  lye  of  38®  B. 
50  lbs.,  water  2  lbs.  Uranine  orange  |  ozs.,  dissolved  in  boil- 
ing water ;  citronella  oil,  8^  ozs.,  lemongrass  oil  1|  ozs.  pepper- 
mint oil  I  oz. 

Honey  soap  (filled). — Cocoanut  oil  100  lbs.,  caustic  soda  lye 
of  38®  B.  50  lbs.,  talc  12  lbs.,  stirred  into  the  warm  oil  before 
adding  the  lye.  Uranine  orange  2  ozs,,  dissolved  in  boiling 
water ;  citronella  7  ozs.,  cassia  oil  3J  ozs.,  oil  of  cloves  1  oz. 

Bergamot  soap. — Cocoanut  oil  50  lbs.,  tallow  50  lbs.,  caustic 
soda  lye  of  37®  B.  50  lbs. — Brilliant  soap  green  8}  ozs.  ground 
up  in  hot  oil. 

Alpine  flower  soap. — Cocoanut  oil  50  lbs.,  tallow  25  lbs., 
lard  25  lbs.,  caustic  soda  lye  of  37®  B.  50  lbs. — Brilliant  soap 
green  8J  ozs.  ground  up  in  hot  oil. — Lemon  oil  2J  ozs.  laven- 
der oil  1|  ozs.,  peppermint  oil  1}  ozs.,  sage  oil  1^  ozs.,  rose- 
mary oil  1^  ozs.,  cinnamon  oil  |  oz. 

Bismarck  soap. — Cocoanut  oil  24  lbs.,  castor  oil  4  lbs.,  soda 
lye  of  40°  B.  14  lbs. — Color  dark  with  Bismark  brown.  Cin- 
namon oil  2|  ozs.,  oil  of  cloves  5  drachms,  sassafras  oil  8 
drachms,  bergamot  oil  5  drachms,  lemon  oil  1|  ozs. 

Pumice  soap. — Ceylon  cocoanut  oil  100  lbs.,  caustic  soda  lye 
of  38^  B.  52  lbs.,  glycerin  2  lbs.,  powdered  pumice  40  lbs., 
M  ater  4  lbs. — Frankfort  black  2}  ozs.,  ultramarine  blue  0.8  oz., 
bergamot  oil  7  ozs.,  thyme  oil  7  ozs.  Add  the  color  and 
pumice  to  the  hot  oil. 

Bouquet  soap. — Cocoanut  oil  50  lbs.,  tallow  and  lard  25  lbs. 
each,  caustic  soda  lye  of  37®  B.  50  lbs. — Windsor  brown  0.8 
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oz. — Bergamot  oil  6|  ozs.,  sassafras  oil,  oil  of  cloves  and  thyme 
oil  1|  ozs.  each,  oil  of  neroli  0.8  oz.,  tincture  of  musk  0.3  oz. 

China  soap. — Cocoanut  oil  50  lbs.,  tallow  60  lbs.,  caustic 
soda  lye  of  37°  B.  50  lbs. — Purple-red  0.8  oz. — Bergamot  oil 
5^  ozs.,  lavender  oil  3|  ozs.,  palma-rosa  oil  2|  ozs.,  lemon  oil 
2  ozs.,  cedar  wood  oil  3}  ozs.,  tincture  of  musk  0.3  oz. 

Olycerin  cold-cream  soap. — Melt  25  lbs.  of  cocoanut-oil,  25 
lbs.  of  tallow,  8  lbs.  of  castor-oil,  and  2  lbs.  of  crude  palm-oil, 
heat  to  167®  F.,  and  dissolve  in  the  mass  15  lbs.  of  scrap  of 
white  or  yellow  cocoanut^oil  soap.  Then  stir  in  30  lbs.  of  lye 
of  36°  B.  until  the  soap-mass  becomes  thick,  and  add  1  lb.  of 
glycerin  and  8  ozs.  of  spermaceti,  the  last  previously  heated 
to  167°  F.  Now  cover  the  soap,  and  after  allowing  it  to  rest 
for  half  an  hour  crutch  thoroughly.  After  again  resting  for  1^ 
hours  a  thorough  combination  will  be  established,  which  is 
perfected  by  a  steam  or  water-bath. 

A  clear  yellow  solid  soap  having  the  appearance  of  a  smooth 
yellow  wax-soap  is  obtained  in  this  manner.  After  allowing  it 
to  cool  somewhat  it  is  brought  into  the  frames  and  perfumed 
with  cassia-oil  1}  ozs.,  cinnamon-oil  5  drachms,  oil  of  cloves  2 
ozs.,  oil  of  lavender  3|  ozs.,  tincture  of  benzoin  3|  ozs.,  oil  of 
bergamot  1 J  ozs.,  oil  of  winter-green  14  drachms,  and  tincture 
of  musk  3|  ozs. 

MillefleuTB  soap. — Cocoanut  oil  96  lbs.,  crude  palm  oil  4  lbs., 
caustic  soda  lye  of  36°  B.  57  lbs. — Orris  powder  17J  ozs.,  Bril- 
liant Brown  0.3  oz.,  bergamot  oil  and  geranium  oil  2  ozs. 
each,  lavender  oil,  lemon  oil  of  cloves  \  oz.  each,  rosewood  oil 
0.7  oz.,  Peruvian  balsam  \  oz.,  tincture  of  musk  0.7  oz. 

Musk  soap. — Cocoanut  oil  50  lbs.,  tallow  44  lbs.,  crude  palm 
oil  6  lbs.,  caustic  soda  lye  of  37°  B.  50  lbs.,  pulverized  orange 
peel  4  lbs. — Cinnabar  7  ozs. — Bergamot  oil  and  lavender  oil 
7  ozs.  each,  cassia  oil  and  oil  of  cloves  1|  ozs.  each.  Musk 
1.69  drachms  macerated  in  potassium  carbonate  solution  of 
5°  B.  ' 

Rose  soap. — Cocoanut  oil  94  lbs.,  castor  oil  6  lbs.,  caustic 
soda  lye  of  38°  B.  50  lbs.— Oriental  Red  Rose  0.6  oz.— Palma- 
rosa  oil,  lavender  oil  and  citronella  oil  3^  ozs.  each. 
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Ro9e  soap  (white). — Cocoanut  oil  50  lbs.,  tallow  50  lbs., 
caustic  soda  lye  of  37°  B.  50  lbs. — Gerajiiuin  oil  and  bergamot 
oil  A{  ozs.  each,  lemon  oil  2y^^  ozs.,  fine  lavender  oil  0.17  oz., 
vetiver  oil  0.1  oz. 

Vanilla  soap, — Cocoanut  oil  60  lbs.,  lard  30  lbs.,  crude 
palm  oil  10  lbs.,  pulverized  cocoa  12  lbs.,  caustic  soda  lye  of 
39°  B.  52  lbs. — Vanilla  IJ  ozs.,  balsam  of  Peru  17J  ozs.,  oil  of 
lavender  3  ozs.,  and  tincture  of  musk  1^  ozs. 

Violet  soap. — Melt  63  lbs.,  of  cocoanut  oil  and  3  lbs.  of  crude 
palm  oil,  cool  <to  10&5°  F.,  strain,  and  color  with  2|  ozs.,  of 
vermilion.  Then  introduce  into  the  fat  through  a  hair-sieve, 
with  constant  stirring,  4  lbs.  of  pulverized  orris-root,  1  lb.  of 
pulverized  orange-peel,  and  |  lb.  of  pulverized  benzoin. 
When  all  the  powder  is  dissolved,  saponify  the  mass  with  34 
lbs.  of  soda  lye  of  38^  B.  and  perfume  with  lavender  oil  2^ 
ozs.,  bergamot  oil  2^  ozs.,  oils  of  cassia  and  of  cloves,  each  1^ 
ozs.,  and  tincture  of  musk  2  ozs.  The  soap  need  not  be  colored, 
it  naturally  being  of  a  beautiful  brown  color. 

Windsor  soap  {brown). — Tallow,  cocoanut  oil,  and  soda  lye 
of  37°  B.,  each  50  lbs.,  potash  solution  of  15^  B.  4  lbs.  Per- 
fume with  cassia  oil  7}  ozs.,  oils  of  cumin,  cloves  and  lavender, 
each  1|  ozs.,  oil  of  thyme  1  oz.,  and  neroli  petit  grain  1^  ozs., 
and  color  with  \\  ozs.  of  Hessel's  Leather  Brown  dissolved  in 
boiling  water. 

Windsor  soap  {white). — Saponify  20  lbs.  each  of  tallow  and 
cocoanut  oil  with  20  lbs  of  caustic  soda  lye  of  38°  B.,  and  per- 
fume with  lavender  oil  4  ozs.,  oil  of  cumin  4^  ozs.,  citronella 
oil  14  drachms,  fennel  oil  11  drachms,  and  cassia  oil  3|  ozs. 

Sand  soap. — Cocoanut  oil  100  lbs.,  caustic  soda  lye  of  38°  B. 
50  lbs.,  water  6  lbs.,  fine  silver  sand  60  lbs.  Cassia  oil  6^  ozs., 
anise  oil  and  mirbane  oil  2  ozs.  each. 

Toilet  soaps  prepared  by  the  cold  process  from  cocoanut  oil 
with  a  large  percentage  of  tallow  are  considerably  improved 
by  the  addition  of  5  to  10  per  cent.. of  Adeps  lana£y  they  becom- 
ing thereby  super-fatted  and  to  make  them  more  brilliant  and 
more  like  grained  toilet  soaps,  an  addition  of  about  3  to  5  per 
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cent,  of  ceresine  or  Japanese  wax  is  also  made.  Toilet  soaps 
thus  prepared  are  soft  and  pliable  and  have  a  ver}'  pleasant 
eflFect  upon  the  skin.  They  present  a  very  glossy  appearance 
when  stamped,  and  this  can  be  still  further  improved  by  pol- 
ishing with  the  dry  hand.  The  soaps  dissolve  with  ease,  and 
as  they  lather  more  readily  than  toilet  soaps  of  better  quality, 
are  frequently  preferred  by  consumers. 

By  the  cold  process  super-fatted  toilet  soaps  are  made  in  the 
same  way  as  cocoanut-oil  soaps ;  the  Adepa  lanae,  however,  is, 
as  a  rule,  melted  in  the  fat  heated  to  about  122^  F.,  and  then 
the  lye  is  stirred  in  at  about  89°  F.  Ceresine  or  Japanese 
wax,  if  used,  is  added,  either  by  itself  or  melted  with  some  of 
the  tallow,  to  the  fats  heated  to  about  113®  or  118°  F.,  and  the 
lye  is  then  introduced  in  the  usual  way.  Should  the  ceresine 
or  Japanese  wax,  after  its  incorporation  with  the  oil,  partially 
solidify  and  commence  to  separate  out  on  account  of  the  tem- 
perature being  too  low,  all  of  the  fat  must  be  warmed  again 
until  the  ceresine  or  Japanese  wax  is  redissolved. 

A  few  formulas  for  toilet  soaps  with  an  addition  of  Adeps 
lanae  are  here  given  : 

Fancy  soap, — Cocoanut  oil  70  lbs.,  tallow  24  lbs.,  castor  oil 
6  lbs.,  Adqps  lanae  4  lbs.,  caustic  soda  lye  of  38®  B.  50  lbs. — 
Uramine  Bright  Yellow  f  oz. — Safrol  5J  ozs.,  cassia  oil  3  ozs.. 
fennel  oil  and  lavender  oil  each  1|  ozs. 

Princess  soap, — Cocoanut  oil  96  lbs.,  tallow  4  lbs.,  Adeps 
lanae  4  lbs.,  caustic  soda  lye  of  38^  B.  50  lbs. — Brilliant  Rose 
0.7  oz, — Bergamot  oil  and  lemon  oil  each  28  ozs.,  cedarwood 
oil  and  spearmint  oil  each  1.4  ozs.,  neroline  ^  oz.  dissolved  in 
alcohol,  musk  tincture  |  oz. 

Peach  Blossom  soap. — Cocoanut  oil  100  lbs.,  Adq[>s  lanae 
6  lbs.,  caustic  soda  lye  of  38°  B.  50  lbs. — Oriental  Rose  Red 
0.17  oz. — Bergamot  oil  4|  ozs.,  palmarosa  oil  2^  oz&,  oil  ot 
cloves,  fennel  oil,  and  artificial  oil  of  bitter  almonds  0.14  oz. 
each. 

Spike  soap, — Cocoanut  nut  oil  90  lbs.,  tallow  10  lbs.,  Adq^s 
lanae  4  lbs.,  caustic  soda  lye  of  38°  B.  50  lbs. — Sultana  Yellow 
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0.1  oz. — Lavender  oil  5^  ozs.,  spike  oil  2f  ozs.,  geranium  oil, 
patchouli  oil,  and  palma-rosa  oil  1-^  ozs.  each. 

Super-fatted  toilet  soap. — Cocoanut  oil  100  lbs.,  Adeps  lanae 
5  lbs.,  caustic  soda  lye  of  38°  B.  50  lbs. — Ginger  grass  oil  7| 
ozs.,  terpineol  and  bergamot  oil  1.41  ozs.  each,  oil  of  cloves 
1  oz.,  patchouli  oil  ^  oz. 

Super-fatted  toilet  soap  (yellow). — Cocoanut  oil  84  lbs.,  tallow 
16  lbs.,  ceresine  3  lbs.,  Adeps  lanae  4  lbs.,  caustic  soda  lye  of 
38®  B.  50  lbs. — Sultana  Yellow  1.69  drachms. — Lemon  grass 
oil  6^  ozs.,  lavender  oil,  cassia  oil,  citronella  oil,  each  3^  ozs., 
tincture  of  musk  ^  oz. 

Super-fatted  toilet  soap  (green). — Cocoanut  oil  100  lbs.,  Adeps 
lanae  5  lbs.,  caustic  soda  of  38°  B.  50  lbs. — Leaf  Green  M  ^  oz., 
Uramine  Bright  Yellow  0.12  oz. — Bergamot  oil  and  citronella 
oil  each  3^  ozs.,  patchouli  oil  2.6  ozs.,  artificial  oil  of  bitter 
almonds  ^  oz. 

Super-fatted  toilet  soap  (ftrotwi). — Cocoanut  oil  105  lbs.,  Adqps 
lanae  5  lbs.,  caustic  soda  lye  of  38°  B.  50  lbs. — Brilliant  Brown 

1  oz..  Sultana  Yellow  2|  drachms — Bergamot  oil  4^  ozs.,  cassia 
oil  4|  ozs.,  lemon  oil  and  safrol  each  2  ozs. 

Violet  soap. — Cocoanut  oil  96  lbs.,  tallow  4  lbs.,  Adeps  lanae 

2  lbs.,  caustic  soda  lye  of  38°  B.  50  lbs. — Brilliant  Brown  J 
oz.,  cinnabar  2.4  ozs. — Lavender  oil  5J  ozs.,  Peruvian  balsam 
3.8  ozs.,  cassia  oil  1^  ozs. 

Toilet  soaps  by  remelting. — ^The  preparation  of  these  soaps 
forms  a  special  branch  of  industry,  they  being  manufactured 
from  soaps  of  various  kinds  already  made — ^so-called  stock 
soaps.  The  latter  are  remelted  and  then  mixed  with  perfume 
and  coloring  matter.  Tallow,  cocoanut  oil,  palm  oil  and  castor 
oil  are  used  for  the  preparation  of  the  stock  soaps,  and  they 
should  be  carefully  made,  be  as  free  from  excess  of  caustic 
soda  as  possible,  and  contain  but  little  or  no  salt.  High- 
grade  perfumes  should  not  be  used  for  remelted  soaps,  because 
the  fine,  delicate  scent  would,  to  a  great  extent  be  evaporated 
whilst  being  incorporated  with  the  hot  soap. 

The  process  of  preparing  the  soaps  is  as  follows : 
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The  stock  soap  is  first  in  the  usual  way  cut  into  thin  elabe 
by  a  wire  or  converted  into  shavings.  For  remelting,  kettles 
of  various  sizes,  holding  from  50  to  300  pounds,  are  used.  A 
very  convenient  form  of  remelter  consists  of  a  jacketed  pan, 
provided  with  a  stirrer  so  that  the  soaps  can  be  intimately 
mixed. 

Fig.  37  shows  an  improved  kettle  for  rendering  and  refining 
toilet  soap.  It  is  a  seamless,  steam-jacketed  kettle,  provided 
with  an  agitator  bo  constructed  that  it  can  be  easily  removed 
from  the  kettle  and  swung  out  of  the  way  when  no  agitator  is 
required,  or  for  cleaning  the  machine. 


A  is  an  upright  provided  with  a  rack  screwed  into  a  bracket 
cast  on  the  kettle.  A  pinion,  operated  by  a  hand-wheel,  E, 
engages  with  this  rack,  and  thus  the  agitator  can  readily  be 
raised  outof  the  kettle.  On  reaching  the  top  it  can  be  swung 
to  one  side  out  of  the  way,  and  the  kettle  can  be  used  for  boil- 
ing and  all  purposes  to  which  a  steam-jacket  kettle  can  be  put. 
The  agitator  consists  of  a  conveyor-screw,  D,  surrounded  by  a 
cylindrical  casing,  C.  By  loosening  a  set-screw,  thecouTeyor- 
screw,  D,  can  be  withdrawn,  and  the  whole  machine  can  be 
cleaned  very  easily.     It  can  be  run  by  hand  or  power. 
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As  the  agitator  can  so  readily  betaken  apart  and  thoroughly 
cleansed,  and  the  machine  has  all  the  needed  facilities  for 
heating  or  cooling  the  mass  by  running  cold  water  through 
the  jacket,  the  kettle  is  very  useful  to  soapmakers  who  make 
fancy  toilet  soaps. 

Fia.  S8. 


Some  forms  of  remelter  have  a  numher  of  upright  steam 
pipee  or  tubes  fixed  in  the  machine.  The  heat  is  thus  brought 
very  quickly  to  the  very  centre  of  the  soap  mass,  which  is  ad- 
visable, as  soap  is  a  bad  conductor  of  heat,  but  it  also  saves 
time  in  effecting  the  operation. 

The   "  Acme "   remelter.    Fig.    38,    manufactured    by   the 
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Houchin-Aiken  Co.,  Brooklyn,  N.  Y.,  is  of  improved  mechan- 
ical construction.  It  consists  of  a  cylindrical  steel  shell  open 
at  the  top,  with  a  conical  cast-iron  bottom  having  an  outlet  in 
the  center  with  a  quick-acting  gate  valve.  The  remelting  coil 
is  supported  just  above  the  conical  bottom,  and  consists  of  a 
series  of  vertical  pipes  screwed  into  a  cast-iron  header.  An 
open  steam  coil  is  placed  near  the  bottom  of  the  remelting  coil 
to  permit  of  the  addition  of  live  steam  to  the  remelted  soap 
when  desired.  The  conical  bottom,  extending  below  the  re- 
melting coil,  forms  a  reservoir  for  melted  soap,  a  closed  steam 
coil  being  provided  at  this  part  to  keep  the  melted  soap  from 
cooling. 

Remelters  should  be  set  up  sufficiently  elevated  so  that  a 
soap  frame  can  be  conveniently  placed  underneath.  This  may 
be  done  either  by  placing  the  remelter  on  a  platform  of  de- 
sired height,  if  the  height  of  the  room  permits,  or  by  suspend- 
ing it  through  the  floor  above  the  one  on  which  the  soap  is 
framed.  If,  however,  all  the  apparatus  has  of  necessity  to  be 
placed  on  a  level,  the  soap  has  to  be  conveyed  from  one  ma- 
chine to  the  other,  which  in  small  factories  is  sometimes  done 
by  hand  labor,  ladles  or  scoops  being  used  for  the  purpose. 
This  process  is,  however,  time-consuming  and  expensive  and 
the  better  method  is  to  use  a  pump.  A  pump  largely  used  for 
this  purpose  is  of  the  type  known  as  the  rotary  pump  (see  Fig. 
14,  p.  189). 

Below  a  few  formulas  for  toilet  soaps  by  remelting  are  given. 
They  may  serve  as  a  guide  to  the  soapmaker,  who  can  make 
up  a  formula  of  his  own,  using  any  particular  perfume  he  may 
wish  and  any  color  he  likes. 

Almond  soap, — White  tallow  grained  soap  100  lbs.,  olive  oil 
soap  and  cocoanut  oil  soap  each  14  lbs.,  oil  of  bitter  almonds 
26  ozs.,  oils  of  clove  and  caraway  each  8  ozs.,  or  in  place  of 
the  latter,  rose  oil  |  oz. 

It  is  best  first  to  melt  one-half  of  the  tallow-soap,  then  the  other 
two  soaps,  and  when  they  are  melted  add  the  other  half  of  the 
tallow-soap,  and  finally  the  perfume.     By  substituting  nitro- 
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benzole  (essence  of  mirbane)  for  all  or  a  portion  of  the  oil  of 
bitter  almonds,  a  cheaper  soap  of  not  as  fine  a  quality  is  ob- 
tained. 

Camphor  soap. — Tallow  grained  soap  100  lbs.,  oil  of  rose- 
mary 4 J  lbs.,  camphor  4 J  lbs. 

Reduce  the  camphor  to  powder  by  triturating  it  with  some 
almond  oil,  then  sift  it.  When  the  soap  is  ready  to  be  brought 
into  the  frame  add  the  camphor  and  rosemary  oil,  with  vig- 
orous crutching. 

Windfior  soap  {old  brotun). — This  popular  soap  is  made  in 
the  following  manner:  Convert  50  lbs.  each  of  palm  soap 
and  half-palm  soap  into  shavings  and  spread  upon  sheets 
of  strong  paper  to  dry  ;  when  dry  melt  on  a  water-bath  with 
a  small  portion  of  an  aromatic  water,  and  when  it  is  hard 
enough  cut  into  shavings  as  before,  drying  it  again  and  re- 
melting  and  adding  sugar  color.  After  the  third  operation 
add  the  following  perfume  for  the  100  pounds :  Oil  of  berg- 
amot  4  ozs.,  oils  of  caraway  and  cassia,  each  2  ozs.,  lavender 
8  ozs.,  clove  and  petit  grain,  each  1  oz. 

Brown  Windsor  soap  owes  its  fine  emollient  properties  to  the 
amount  of  labor  employed  in  its  manufacture,  for  it  is  needless 
to  say  that  the  more  the  soap  is  worked  and  handled  and 
melted  and  remelted  the  better  it  becomes. 

Heliotrope  soap. — Tallow  soap  20  lbs.,  oil  of  almonds  J  oz., 
neroli  oil  1  oz.,  benzoin  1^  ozs. 

Bouquet  soap, — Tallow  soap  80  lbs.,  cocoanut  oil  20  lbs., 
bergamot  oil  3  ozs.,  rose  geranium  oil  2  ozs.,  caraway  oil  and 
citronella  oil  each  1|  ozs.,  lavender  oil  1  oz. 

Milled  toilet  soaps. — These  are  the  best  and  finest  toilet  soaps, 
and  it  is  of  great  importance  that  the  stock  soaps  used  in  their 
preparation  should  be  made  from  fresh  and  pure  materials  and 
contain  no  incompletely  saponified  fat  which  would  exert  an 
injurious  efiect  upon  their  du  rability .  They  should  be  perfectly 
neutral,  i.  e.  contain  no  free  alkali  which  attacks  the  skin  and 
causes  to  a  delicate  and  sensitive  one  an  unpleasant  burning 
sensation.     An  important  requisite  is,  however,  that  the  scents 
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imparted  to  the  soaps  by  the  addition  of  perfumes  shall  be  full, 
pure,  and  without  unpleasant  accompanying  odors.  They 
should  last  as  long  as  possible,  in  many  cases  for  a  year  or  so, 
which  will  not  be  the  case  if  the  stock  becomes  rancid  in  the 
slightest  degree.  The  aim  of  the  manufacturer  should  there- 
fore be  to  employ  a  pure  neutral  soap,  possessing  no  smell  of 
its  own  for  working  up  into  milled  soap,  and  it  is  the  oflSce  of 
the  soapboiler  who  prepares  the  stock  soap  to  see  to  it  that 
these  conditions  are  fulfilled.  From  this  it  will  be  seen  that 
the  preparation  of  stock  soaps  requires  more  care  and  greater 
attention  than  that  of  ordinary  soaps.  The  necessity  of  being 
free  from  all  smell  of  their  own  applies  to  all  stock  soaps  ex- 
cept palm  oil  soap,  which  always  retains  the  odor  of  palm  oil, 
this  odor  being  often  desired  as  it  is  suitable  for  strengthening 
many  perfumes. 

The  selection  of  animal  as  well  as  vegetable  fats  and  oils 
suitable  for  the  preparation  of  stock  soaps  depends  on  circum- 
stances. In  temperate  and  northern  latitudes  the  beef  tallow 
produced  in  these  localities  is  for  reasons  of  convenience  and 
economy  employed  and  is  very  suitable  for  the  purpose,  while 
in  southern  countries  the  less  valuable  grades  of  olive  oil  are 
employed.  Lard  is  also  a  valuable  material  for  stock  soaps, 
provided' it  is  not  rancid.  It  is  frequently  brought  into  com- 
merce apparently  odorless,  but  on  saponification  acquires  an 
unpleasant  smell,  and  in  all  cases  of  unknown  origin  it  k 
recommended  to  guard  against  loss  by  first  saponifying  a 
sample  and  examining  the  resulting  product  for  smell.  A 
good  grade  of  freshly-expressed  peanut  oil  is  also  an  excellent 
addition  in  making  stock  soaps,  though  more  than  25  per 
cent,  of  it  is  not  advisable  as  the  use  of  too  much  of  it  has  a 
tendency  to  impair  the  hardness  of  the  soap. 

Drying  oils  such  as  cottonseed  oil,  castor  oil  etc.,  should 
not  be  employed  in  the  preparation  of  stock  soaps,  as  they  will 
sooner  or  later  become  rancid.  This  applies  also  to  mutton 
and  goat  tallows,  though  they  are  very  suitable  for  household 
soaps. 
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In  regard  to  the  alkalies  used  for  the  saponification  of  the 
fats,  it  may  be  said  that  caustic  soda  could  formerly  not  be 
procured  of  such  purity  or  at  as  low  a  price  as  at  present  and 
lyes  of  10°  to  12°  B.,  prepared  by  treating  sodium  carbonate 
with  burnt  lime  were  used  for  boiling  stock  soaps.  However, 
lyes  containing  a  large  amount  of  carbonate  yield  soaps  of 
little  durability,  and  as  lyes  of  the  above  mentioned  strength 
were  the  strongest  that  could  be  used,  the  soap  had  to  be 
boiled  several  times  with  fresh  lye  and,  after  salting  out,  the 
lye  previously  used  had  to  be  drawn  oflF.  The  soap  was  finally 
once  more  boiled  up  with  fresh  lye  and  brine,  the  spent  lye 
again  removed  and  then  the  whole  batch  again  treated  with  a 
weak  brine  until  a  thin  liquid  soap  resulted  which  was  allowed 
to  stand  for  some  time  to  settle,  and  then  brought  into  the  frame. 
With  the  caustic  soda  of  great  purity  now  obtainable,  such  a 
tedious  process  is  no  longer  necessary,  though  to  obtain  the 
required  durability  of  the  product,  it  is  always  best  to  treat 
the  soap  at  least  three  times  with  fresh  lye,  because  by  the 
repeated  separation  of  the  spent  lye  the  greatest  part  of  the 
mechanical  impurities  contained  in  the  fat,  lye,  and  salt  are 
removed  from  the  soap,  and  the  consecutive  treatments  with 
fresh  lye  completely  saponify  every  particle  of  fat. 

The  quantity  of  caustic  soda  required  for  saponification  can 
be  readily  calculated  when  it  is  borne  in  mind  that  220  lbs. 
of  it  produce  660  lbs.  of  lye  of  from  38°  to  40°  B.,  and  that 
220  lbs.  of  this  lye  are  suflBcient  for  the  saponification  of  440 
lbs.  of  fat  to  obtain  a  neutral  soap.  Before  proceeding  with 
the  boiling  it  is  advisable  to  calculate  the  quantity  of  caustic 
soda  required  for  a  fixed  amount  of  fat.  Supposing  6600  lbs. 
of  fat  are  to  be  worked  up  into  stock  soap,  1100  lbs.  of  caustic 
soda  would  be  required  for  saponification,  because,  as  2.2  lbs. 
are  sufficient  to  saponify  13,2  lbs.  of  fat,  1100  lbs.  (1100  X  6  = 
6600)  will  be  necessary  for  the  above-mentioned  quantity  of 
fat.  The  1100  lbs.  of  caustic  soda  are  to  be  dissolved  in  water 
in  a  holder  by  suspending  the  drum  with  a  pulley  as  previ- 
ously described. 
26 
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lu  the  boiling  of  soaps  it  is  not  always  necessary  to  invari- 
ably employ  a  fixed  strength  of  lye;  it  depends  upon  whether 
direct  fire  or  steam  is  used,  and  in  the  latter  case,  whether  the 
steam  is  wet  or  dry  according  to  pressure  and  the  distance  it 
has  to  be  conveyed.  Stock  soaps  should,  however,  as  a  rule 
be  boiled  with  not  too  strong  a  lye,  because  saponificatiou  is 
then  more  thorough  and  the  durability  of  the  soap  is  conse- 
quently improved.  A  convenient  way  is  to  make  the  lye  up 
about  25°  to  26°  B.,  and  reduce  one-third  of  this  to  from  12° 
to  15°  B.  according  to  whether  direct  fire  or  steam  is  used. 
Thia  reduced  lye  is  placed  in  a  special  reservoir.  Another 
third  is  reduced  to  18°  or  20°  B.  according  to  the  same  cir- 
cumstances. Bring  all  of  the  fat,  with  the  exception  of  the 
cocoanut  oil,  into  the  kettle  and  commence  saponification  with 
the  weakest  lye,  being  sure  that  all  the  lye  enters  into  combi- 
nation before  adding  fresh  lye.  The  lye  should  always  be 
near  at  hand  so  that  it  can  be  immediately  added,  when  re- 
quired, to  prevent  the  soap  forming  irregularly.  When  the 
weakest  lye  has  been  used  up,  the  second  is  added  and  the 
boiling  is  continued  until  free  from  caustic  "touch."  The 
soap  is  then  salted  out  until  a  clear  lye  forms  underneath 
which,  after  standing  for  two  hours,  or  still  better  the  next 
day,  is  removed  by  means  of  a  pump,  or  according  to  circum- 
stances syphoned  off  into  a  second  kettle.  A  further  quantity 
of  brine  of  10°  to  12°  B.  together  with  about  220  lbs.  of  the 
remaining  strong  lye,  is  run  into  the  kettle  and  the  soap 
boiled  with  it  for  some  hours.  This  process  is  required 
for  the  durability  of  the  soap  and  its  necessity  is  clearly  in- 
dicated  by  the  color  of  the  spent  lye.  With  a  pure  soap  this 
lye  should  be  as  clear  as  water ;  a  brown  color  indicates  that 
the  soap  still  contains  impurities  which  must  be  removed  by 
treatment  with  weak  salt  water.  After  the  spent  lye  has  been 
repeatedly  separated,  the  rest  of  the  soda  lye  is  finally  run 
into  the  kettle;  the  soap  will  now  be  strong,  but  that  does  not 
matter.  It  is  now  boiled  for  two  hours  to  ensure  complete 
saponification.     The  cocoanut  oil   is  then   added   and  this 
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neutralizes  the  excess  of  caustic  lye,  when  the  soap  should 
boil  light  and  liquid,  and  is  now  ready  for  fitting.  The  soap 
should  not  produce  a  biting  sensation  upon  the  tongue,  as  with 
such  an  excess  of  alkali  it  would  not  be  sufficiently  mild, 
would  sweat  if  kept  in  stock,  and  probably  would  also  change 
in  color.  To  fit  a  stock  soap  properly  and  with  safety  it 
should  be  tested  with  phenolphthalein  solution  as  previously 
described. 

The  soap  should  now  show  all  the  characteristics  of  a  well 
made  product,  and  above  all  it  should  be  well  separated  and 
of  good  consistency,  otherwise  it  must  be  treated  with  brine  of 
2  to  3^  B.  until  it  is  sufficiently  thin.  It  is  then  ready  to  be 
further  worked  up  in  the  frame. 

Below  a  few  combinations  of  fats  for  stock  soaps  are  given  : 
The  stock  soaps  for  whUe  and  colored  soaps  are  generally  pre- 
pared from  9  parts  of  fresh  tallow  free  from  odor  and  1  part  of 
cocoanut  oil,  the  addition  of  the  latter  securing  a  more  abund- 
ant lather.  Frequently  more  cocoanut  oil  is  used,  but  the 
above  composition  yields  the  most  durable  soaps.  Other  com- 
positions are  as  follows: 

I.  Fresh  tallow  and  cottonseed  oil  each  50  parts,  cocoanut 
oil  10  to  25  parts. 

II.  Fresh  tallow  75  parts,  peanut  oil  25  parts,  cocoanut  oil 
10  to  25  parts. 

III.  Fresh  tallow  and  lard,  each  50  parts,  cocoanut  oil  10 
to  25  parts. 

Stock  soaps  for  cream^  yellow^  and  brown  soaps, — I.  Bleached 
palm  oil  100  parts,  cocoanut  oil  10  to  25  parts. 

II.  Bleached  palm  oil  50  parts,  tallow  or  lard  25  parts, 
peanut  oil  25  parts,  cocoanut  oil  ]  0  to  25  parts. 

The  stock  soaps  may  be  made  up  in  any  quantity  desired 
and  from  them  nearly  all  kinds  of  toilet  soaps  can  be  made 
by  mixing  difierent  kinds  in  suitable  proportions,  according 
to  demand  and  ruling  prices. 

Stock  soaps  after  being  taken  from  the  frames  should  be  cut 
into  bars  as  soon  as  possible  and  then  dried  in  the  air  or  dry- 
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ing  room  to  reduce  them  as  rapidly  as  can  be  done  to  the 
necessary  degree  of  dryness  for  further  operations. 

The  first  operation  is  to  "  strip"  the  stock  soap,  i.  e.,  to  cut 
it  up  into  strips  or  shavings.  This  may  be  dooe  either  by 
hand,  which  is  rather  a  primitive  way,  though  suitable  and 
economical  for  small  lots  of  soap,  or  by  a  machine  called  a 
chipper  or  stripper. 

The  tools  required  for  working  by  hand  consist  of  an  ordin- 
ary carpenter's  plane  and  a  good  marble  mortar  and  pock-wood 
peetle.  Each  end  of  the  plane  should  be  provided  with  a  con- 
trivance, so  that  when  placed  over  the  mortar  it  remains  firm 
and  is  not  easily  moved  by  the  parallel  pressure  of  the  soap 
against  the  projecting  blade. 

The  operation  commences  by  weighing  determined  quanti- 
ties of  the  soap  that  is  to  be  cut  up  and  perfumed.     The  plane 


is  then  laid  upside  down  across  the  mortar  and  the  bar  of  soap 
pushed  across  the  plane  until  it  is  reduced  to  6ne  shavings. 
Soap  received  from  the  aoap-maker  is  generally  in  pro[>er  con- 
dition for  thus  working;  but  if  it  has  been  in  stock  any  time 
it  is  apt  to  become  too  hard,  and  after  having  been  converted 
into  shavings  must  be  sprinkled  with  some  distilled  water  and 
allowed  to  stand  15  to  24  hours  to  give  the  shavings  time  to 
absorb  the  water  before  the  perfume  is  added. 
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After  determining  the  size  the  cakes  of  soap  are  to  be,  what 
they  are  to  sell  for,  and  what  they  are  to  cost,  the  maker  can 
measure  out  his  perfume. 

The  soap  being  in  proper  condition  in  regard  to  moisture, 
etc.,  is  now  to  have  the  perfume  well  stirred  into  it.  This  is 
done  by  working  it  thoroughly  with  the  pestle  for  a  few  hours, 
when  the  soap  is  generally  expected  to  be  free  from  streaks 
and  of  uniform  consistency. 

The  soap  thus  perfumed  is  then  weighed  out  in  quantities 
as  required  for  the  tablets  and  moulded  by  the  hand  into  egg- 
shaped  masses,  which  are  laid  separately  in  rows  on  a  sheet  of 
white  paper,  and  allowed  to  dry  for  a  day  or  two  to  fit  tbem 
fortbe  press.  Itisusuat  before  placing  the  cakes  in  thepressto 
dust  them  over  with  a  little  starch-powder,  or  very  slightly  to 


oil  the  mould,  to  prevent  the  soap  from  adhering  to  the  letters 
or  embossed  work  of  the  mould. 

For  the  preparation  of  large  quantities  of  toilet  soap  it  is 
more  convenient  and  economical  to  use  machinery. 

The  stock  soap  is  cut  into  shavings  by  a  machine  called  a 
"stripper"  and  driven  either  by  hand  or  power. 
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There  are  several  different  kinds  of  this  machine,  though 
the  essential  parts  of  all  of  them  are  one  or  two  revolving  disks 
provided  with  four  to  six  knives  and  a  hopper  to  contain  the 
bars.  Fig.  39  shows  such  a  machine  with  two  disks.  Oppo- 
site the  disk  is  a  hopper  or  cylinder  in  which  the  bars  of  stock 
soap  to  be  stripped  are  placed.  By  pressing  the  bars  against 
the  disks,  they  are  cut  into  shavings,  which  fall  through  slits 
in  the  disks  into  a  receptacle. 

Fig.  40  shows  a  20-inch  disk-chipper  manufactured  by 
Houchin-Aiken  Co.,  Brooklyn,  N.  Y.  It  is  fitted  with  six 
knives.  The  machine  will  take  bars  4x4  inches  cross-sec- 
tions. It  is  furnished  to  run  by  foot-power,  or,  if  desired,  can 
be  equipped  with  pulleys  to  run  by  power. 

Fig.  41  shows  a  30-inch  horizontal  disc-chipper  manufac- 
tured by  the  above-mentioned  firm.  It  has  a  30-inch  balanced 
disc,  fitted  with  12  knives  2x9  inches.  The  disc  is  supported 
and  driven  from  above  through  cut-gears.  The  knives  can  be 
adjusted  to  give  any  thickness  of  chip  desired.  The  machine 
will  cut  two  slabs  of  soap  at  once  as  large  as  5  inches  thick  by 
15  inches  wide,  or,  by  means  of  a  simple  device,  36  small  bars 
may  be  fed  to  the  machine  at  once.  The  chipped  soap  falls 
vertically  from  the  machine. 

The  shavings,  if  necessary,  are  dried  by  spreading  them  out 
in  trays.  They  should  not  be  piled  up  too  high  so  as  to  allow 
the  drying  air  to  pass  freely  through  them.  When  dry  the 
required  quantity  of  shavings  is  weighed  out  and  brought  into 
the  mixing  box  lined  with  zinc  or  lead,  which  is  for  greater 
convenience  mounted  on  wheels  so  that  it  can  be  readily 
moved  about  from  place  to  place.  The  proper  proportions  of 
essential  oils  *  and  coloring  matter  (except  when  the  soap  is 
required  to  be  white)  are  then  added  and  the  whole  is  inti- 
mately mixed  together  with  a  wooden  stirrer.  When  working 
on  a  larger  scale  this  is  done  in  an  automatic  mixer,  an  im- 

*  EsseDtial  Oils  and  Other  Materials  ased  for  the  perfuming  of  soaps  are  de- 
scribed in  Chapter  XVIII. 
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proved  device  for  tliis  purpose  being  a  mechanical  amalgam- 
ator which  breaks  up  and  amalgamates  the  chips,  perfume  and 
colorJDg  matter.     The  shavings  are  next  conveyed  to  the 
Soap-mill  to  be  blended  into  a  thick  homogeneous  paste. 


The  mill  is  similar  in  construction  to  a  cocoa-mill,  and  con- 
sists essentially  of  three  or  four  contiguous  rollers  by  whose 
action  the  shavings,  color,  and  perfume  are  intimately  united. 
The  size  of  the  mill,  and,  whether  it  is  to  be  worked  by  hand 
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or  steam,  depends  on  the  size  of  the  eBtablishment.  Fig.  42, 
shows  a  mill  with  three  rolls  to  be  worked  by  hand.  The 
rolls  are  of  best  syenitic  granite  finely  polished.  The  perfiimed 
and  colored  shavings  are  brought  into  the  hopper,  and  after 
passing  through  between  the  first  two  rolls  fall  upon  the  third. 
A  scraper  pressing  against  the  third  roll  scrapes  off  the  soap 
which  falls  into  a  receptacle.     The  tnilled  mass  must  be  re- 


turned to  the  hopper  and  again  passed  through  the   rolls 
until  it  is  perfectly  homogeneous. 

With  a  machine  with  four  rolls,  Fig.  43,  this  repeated  pass- 
ing of  the  milled  mass  through  the  rolls  is  not  required,  since 
the  operation  is  effected  by  the  fourth  roll.  Besides,  in  large 
factories  where  the  work  is  carried  on  continuously,  two  or 
three  machines  may  be  placed  alongside  each  other  and  the 
thorough  mixing  of  the  mass  effected  by  passing  it  successively 
through  the  machines. 
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Fig.  44  shows  a  soap  mill  constructecl  upoD  different  paU 
tarns  and  principles.  The  bed  is  of  box-section  extending  to 
the  ground  and  on  an  incline,  and  with  long  bearings  for  tbe 
stone  rollers,  whicb  are  made  from  the  beat  Quincy  granite,  a 
material  well  adapted  for  the  purpose  on  account  of  its  hard- 
ness, the  surface  finishing  true  and  smooth,  yet  porous,  so  as 
to  grind  the  soap  quickly  and  perfectly.  Tbe  shafU,  which 
extend  entirely  through  the  rollers,  are  of  steel  and  very  heavy, 


so  as  to  insure  against  all  possibility  of  springing,  and  are 
fastened  in  tbe  atone  rollers  with  a  special  device  which  renders 
it  impossible  for  them  to  become  loose  on  tbe  stone.  The  gear- 
ing and  all  tbe  wheels  are  either  machine  moulded  or  machine 
cut.  The  pulleys  are  of  lai^e  diameter  and  breath  and  capable 
of  transmitting  ample  power  to  the  working  parts  of  the 
machine.  Tbe  stone  rollers  are  automatically  adjusted  by  a 
wheel  and  worm,  which  motion  is  postive,  insuring  the  whole 
length  of  the  rollers  working 'accurately  together,  by  which 
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the  soap  is  ground  thoroughly  and  rapidly  and  with  the  leaat 
possible  wear  on  the  machine.  The  mill  has  a  capacity  of 
250  pounds  per  hour;  power  required,  12  horse-power. 

The  homogeneous  mass,  free  from  grains  and  streaks,  is  re- 
moved from  the  last  roller  in  the  form  of  long  bands  by  means 
of  knives  fixed  to  the  machine  and  falls  into  the  mixing  box 
placed  below  in  which  it  is  conveyed  to  the  plodder.  The 
object  of  this  machine  is  to  compress  the  colored  and  perfumed 


soap  after  milling  into  a  solid  compact  mass.  It  then  ejects  it 
in  the  form  of  a  bar  which  is  then  divided  up  into  cakes  of  the 
desired  size.  Machines  of  various  construction  are  employed 
for  this  purpose. 

Pig.  45  shows  a  plodder  worked  by  hand.  It  consists  of  a 
cylinder  supported  vertically  upon  a  stand  and  provided  at  the 
delivery  end  with  a  changeable  mouth-piece.  A  plunger  ex- 
actly fitting  the  cylinder  is  moved  up  and  down  by  hand  or 
machine  power.     The  cylinder  is  filled  to  the  top  with  the 
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soap,  the  pluDger  being  raised  so  that  this  can  be  conveniently 
done.  On  setting  the  machine  in  motion  the  plunger  de- 
scends upon  the  soap  and  compresses  it  in  the  cylinder,  the 
opening  by  which  the  aoap  eventually  leaves  the  machine 
having  previoasly  been  closed.  When  the  soap  is  suflSciently 
compressed  the  plunger  is  i^ain  raised  and  the  empty  space 
left  by  the  compreseion  of  the  soap  filled  with  soap  which  in 
its  turn  is  compressed,  the  operation  being  thus  continued  un- 


til the  cylinder  is  filled  to  the  top.  with  compressed  soap. 
The  plunger  is  now  left  some  minutes  under  pressure  in  the 
cylinder.  It  is  then  released,  the  delivery  end  opened  and  a 
mouth-piece  of  the  shape  the  cake  of  soap  is  to  have  inserted. 
The  plunger  is  then  allowed  to  work  with  full  force  upon  the 
soap,  forcing  it  in  the  form  of  a  cake  of  any  shape  desired,  ac- 
cording to  the  mouth-piece  used,  through  the  opening. 

However,  as  the  operation  with  such  a  machine  is  quite  slow, 
it  is  now  largely  superseded  by  the  screw  plodder.  This  ma- 
chine consists  essentially  of  a  screw  enclosed  in  a  cylinder,  by 
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whicli  the  soap  is  gradually  driven  forward  and  at  the  same 
time  subjected  to  a  considerable  degree  of  compression,  it  being 
thus  consolidated  and  made  firm.  The  cylinder  of  the  machine 
is  at  first  double,  thus  forming  a  jacket  in  which  cold  water 
circulates  for  the  purpose  of  keeping  the  soap  cold,  the  friction 
and  pressure  causing  a  great  deal  of  heat  to  be  generated  ;  this 
heat  might,  if  allowed  to  accumulate,  cause  loss  of  perfume 

Fio.  46. 


and  color  in  the  soap.  The  moatb-piece  of  the  machine  is 
kept  hot  by  means  of  a  gas-jet,  usually  supplied  with  each 
machine,  the  purpose  of  heating  being  to  impart  a  gloss  and 
finish  to  the  soap.  The  soap  passes  very  rapidly  through  the 
machiBe  and  leaves  the  latter  in  a  continuous  bar,  sections  of 
which  are  removed  as  fast  as  ejected  and  cut  into  individual 
cakes. 
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Fig.  46  shows  a  type  of  plodder  manufactured  by  Houchin- 
Aiken  Co.,  Brooklyn.  It  has  a  4-inch  screw  of  special  con- 
struction, which  gives  it  a  rapid  feed.  The  cylinder  is  water- 
jacketed.  The  front  nose  is  screwed  to  the  cylinder  and  in 
front  has  a  jacket  for  heating.  The  cylinder,  screw  and  front 
nose  are  enameled,  except  in  the  working  parts.  The  gears 
are  of  cast-iron,  machine  cut. 

Fig.  47  shows  a  roller-board.  This  device  is  placed  in  front 
of  the  plodder  to  receive  the  bar  of  soap  as  it  comes  from  the 

Fig.  47. 


plodder.     It  will  not  mar  the  soap.     It  has  a  stand  for  a  gas- 
burner  for  heating  the  front  nose  of  the  plodder. 

Cake  cutters, — When  the  plodder  is  not  provided  with  a  cut- 
ting apparatus  a  special  machine  for  the  purpose  is  required. 
These  machines  are  of  various  sizes,  and  being  entirely  con- 
structed of  iron,  are  very  durable.  The  working  table  (Fig.  48) 
is  smooth  planed.  The  horizontal  wire  moved  up  and  down 
upon  two  small  vertical  columns  by  treading  upon  the  treadle 
under  the  table,  the  counter-weight  again  raising  the  wire.  A 
shiftable  back-square  determines  the  length  of  the  cakes.  The 
machine  being  worked  by  a  treadle,  both  hands  are  left  free, 
the  left  pushing  the  bar  forward,  while  the  right  removes  the 


414  MANUFACTURE    OF    SOAP. 

cakes.  This  machine  requires  but  little  force,  so  that  it  can 
be  run  by  a  girl. 

Before  pressing,  the  cakes  must  be  heated  to  facilitate  tha 
work  and  obtain  a  fine  impression,  and  after  pressing  the  cakes 
have  to  be  dried.  This  is  effected  in  a  drying-room  heated 
either  by  a  stove  or  hot  air. 

Soap-presses. — The  cakes  being  sufficiently  dry,  it  is  fre- 
quently necessary  to  give  them  a  finish,  which  is  often  done  in 
a  hand-press  in  a  plain  mould ;  but  oc(}aaionally  a  mould-box 


with  hinged  sides  is  employed,  with  a  screw-press  such  as 
shown  in  Fig.  49.  For  large  tables  a  foot-power  press  is  desir- 
able. Fig.  50  represents  a  foot-power  press.  It  is  worked  by 
a  treadle,  leaving  the  hands  free  to  handle  the  soap.  It  has 
adjustable  balances  to  vary  the  blow.  It  works  easily  and  can 
be  run  by  a  boy.  It  is  adapted  from  the  smallest  size  toilet 
soap  to  a  two-pound  laundry  soap. 

The  soap-stamping  press,  shown  together  with  box  and  dies 
in  Fig.  51,  is  manufactured  by  Houchin-Aiken  Co.,  of  Brook- 


TOILET   SOAPS    AND    SOAP    8PBCIALTIGS.  415 

lyn.  ThiB  press  is  adapted  for  stamping  any  sized  cake  of 
soap,  is  simple  in  construction,  and  adjusted  to  any  sized  dies. 
It  baa  a  vertical  treadle  motion,  is  easily  worked,  and  gives  a 
direct  blow  to  tbe  soap.  Tbe  box  and  dies  for  stamping  soap 
are  made  of  hard  brass  and  consist  of  an  upper  and  lower  die 

Fio.  50. 


fitted  to  a  box,  whicti  is  clamped  to  the  bed  of  the  presB,  with  ' 
the  bottom  die  in  tbe  box,  the  top  die  being  fastened  to  the 
plunger.  The  dies  can  be  engraved  of  any  desired  size  and 
shape  to  suit,  or  can  be  made  with  interchangeable  plates  for 
the  engraving.  By  this  means  different  brands  of  soap  can  be 
pressed  with  the  same  die  by  only  changing  the  plate. 

Fig.  52  shows  a  steam  soap-press.  It  has  a  single-acting 
steam  cylinder  placed  underneath  the  bed  in  such  a  position 
that  its  piston,  by  means  of  a  roller  attached  to  the  end  of  the 
piston-rod,  acts  upon  a  cam  surface  of  the  swing  or  pendulum- 
lever,  as  indicated  at  B.     A  hook.  A,  attached  to  tbe  piston- 
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rod  engages  with  a  stud  on  the  swing  or  pendulum-lever,  and 
prevents  the  latter  from  recoiling  after  having  returned  from 
giving  the  blow,  as  it  cannot  By  back  without  pulling  out  the 
piston.  TbuB  the  unpleasant  and  dangerous  vibration  of  the 
upper  die-block  is  prevented.  The  steam-supply  pipe  enters  a 
governor  or  regulator  which  can  be  set  by  hand-wheel,  E,  so 


that  the  press  gives  a  blow  of  required  force.  When  this  has 
once  been  set,  the  press  cannot  give  a  stronger  blow  than  that 
for  which  it  is  set,  no  matter  how  much  steam  pressure  the 
boiler  may  supply.  To  the  right  of  this  governor,  E,  is  shown 
a  balanced  valve  steam-trap  which  drains  off  all  condensed 
water,  and  insures  the  admission  of  dry  steam  only  to  the 
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cylinder,  no  matter  how  far  the  press  may  be  from  the  boiler. 
The  admission  of  steam  is  controlled  by  a  foot-treadle,  shown 
at  the  right  of  the  cut,  the  heel  of  the  foot  resting  on  the  foot- 
rest.  The  handle,  F,  serves  to  control  the  exhaust  in  such  a 
manner  that  the  pendulum-lever  returns  with  just  enough 
force  to  eject  the  pressed  soap,  and  no  more.  This  ejection  of 
the  soap  is  accomplished  by  a  cam,  C,  which  is  pivoted  at  one 
end  to  the  pendulum-lever,  and  clamped  to  the  latter  by  a 
jam-nut  and  arcs.  Against  this  cam  works,  by  means  of  a 
roller,  a  lever  which  with  its  other  end  actuates  the  center 
lifting  bolt.  By  unclamping  this  cam,  shifting  it  up  or  down, 
and  reclamping,  the  height  to  which  the  soap  is  lifted  is  regu- 
lated. This  arrangement  lifts  the  soap  so  gradually  that  there 
is  no  danger  of  throwing  the  cake  of  soap  out  against  the 
upper  die-block,  and  defacing  the  impression,  no  matter  how 
fast  the  press  is  worked. 

By  throwing  back  hook  A,  and  raising  the  foot-rest,  the 
press  is  at  once  transformed  into  an  ordinary  foot-press.  This 
is  a  great  convenience  in  setting  the  die,  as  well  as  furnishing 
means  of  working  when  there  is  no  steam. 

Finishing  and  polishing  the  soap-cakes. — The  cakes  of  soap, 
after  they  are  pressed,  stamped,  and  apparently  ready  for 
market,  are  often  dried  before  being  packed.  In  this  drying 
they  may  lose  some  of  their  lustre.  The  remedy  formerly 
used  for  this  was  to  scrape  the  cakes  off,  and  rub  ihem  with  a 
woolen  cloth  dipped  in  strong  alcohol. 

This  somewhat  troublesome  process  has  been  superseded, 
according  to  Dupuis,  by  the  method  of  exposing  the  soap  be- 
fore or  after  drying  to  a  current  of  steam.  The  steam  can  be 
perfumed  with  any  fragrant  odor  by  passing  it,  before  reach- 
ing the  soap,  through  a  cloth  impregnated  with  fragrant  mate- 
rial. The  steam  causes  at  once  a  change  upon  the  surface  of 
the  bars  or  cakes  of  soap,  and  forms,  according  to  the  fats  used 
in  their  preparation,  either  a  super-palmitate  or  super-stearic 
palmitin  soda  combination.  If  this  operation  is  carefully  done 
it  closes  up  all  the  pores  and  uneven  spots  and,  when  dry, 
27 
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forms  a  very  lustrous  coating,  which  does  not  suflTer,  even  un- 
der the  moulding-press.  No  other  method  of  polishing  will 
give  such  a  beautiful,  even,  and  lustrous  coating  as  that  caused 
by  steaming.  Further  advantages  of  this  mode  of  operating 
are  economy  in  time,  manual  labor,  and  prevention  of  all  loss. 
It  will  especially  preserve  the  soaps  in  damp  storehouses,  on 
sea  voyages,  and  in  the  show-windows  of  stores,  where  they 
are  exposed  to  the  rays  of  the  sun. 

Coloring  toilet  soaps, — Whilst  in  former  times  ochres,  chromes, 
and  metallic  oxides  of  iron,  such  as  siennas,  umbers,  etc., 
were  exclusively  used  for  coloring  toilet  soaps,  the  object  is 
now  largely  attained  by  means  of  aniline  colors.  They,  to 
be  sure,  have  the  drawback  that  the  soaps  when  exposed  to 

« 

sunlight  or  diffused  daylight  are  apt  to  lose  or  change  their 
color.  The  chief  colors  used  for  toilet  soaps  are  red  including 
rose,  and  yellow,  as  well  as  the  shades  lying  between  them, 
such  as  orange,  chamois,  salmon-red,  and  others.  All  these 
shades  can  be  produced  by  the  mixing  of  two  colors,  rhodamin 
and  fluorescein. 

Rhodamine  represents  a  red-brown  powder  and  dissolves 
with  ease  in  100  times  its  weight  of  pure  water.  Concentrated 
solutions  may  also  be  prepared  by  adding  about  10  per  cent. 
of  alcohol  to  the  water.  One  gramme  of  rhodamine  is  used 
for  220  lbs.  of  soap.  With  cocoanut-oil  soap  it  gives  a  fine 
bluish-red  tint.  For  milled  soaps,  which  are  generally  not  so 
deeply  colored  as  cocoanut  oil  soaps,  ^  gramme  suffices  for 
220  lbs. 

Fluorescein  dissolves  readily  in  10  parts  of  water,  the  solu- 
tion possessing  a  strong  fluorescence  which  is  noticeable  in 
transparent  soaps  colored  with  it,  but  does  not  show  in  colored 
opaque  soaps.  For  imparting  a  full  citron  color  to  220  lbs.  of 
soap,  5  grammes  of  fluorescein  are  required. 

Two  solutions  are  now  prepared,  one  of  them  containing 
100  grammes  rhodamine  in  20  liters  of  water,  and  the  other 
500  grammes  fluorescein  in  20  liters  of  water,  therefore  for 
coloring  220  lbs.  of  soap  100  cubic  centimeters  will  be  used. 
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When  shades  lying  between  the  yellow  and  the  red  are  re- 
quired, the  two  solutions  are  mixed  until  the  desired  combi- 
nation is  obtained.  A  salmon-red,  for  instance,  can  be  pro- 
duced with  80  ccm.  of  the  red  and  20  ccm.  of  the  yellow 
solution,  a  bright  orange  with  50  ccm.  of  each;  a  household 
soap  yellow  with  90  ccm.  of  the  yellow  solution  and  10  ccm. 
of  the  red.  These  solutions  can  be  kept  in  stock  and  if  by  any 
reaction  between  the  two  dyestufFs  a  precipitate  is  produced, 
add  just  enough  caustic  soda  to  redissolve  it. 

Metanil  yellow  is  very  suitable  for  coloring  toilet  soaps. 
It  dissolves  with  somewhat  greater  difficulty  than  the  above- 
mentioned  coloring  matters  and  distilled  water  is  preferably 
used  for  dissolving,  as  with  lime  salts  in  the  water  it  forms  an 
insoluble  precipitate.  One-half  to  one  gramme  of  it  is  required 
for  220  lbs.  of  soap.  In  cocoanut-oil.  soaps,  a  similar  quantity 
produces  a  full,  bright  yellow. 

Chinoline  yellow,  auramine,  and  mandarin  have  also  been 
recommended  for  coloring  toilet-soaps  yellow. 

There  is  but  one  single  green  dyestuflf  which  is  a  self-color 
and  suitable  for  soaps.  This  is  naphthol  green,  known  as 
soap  green,  which  is  easily  soluble  in  10  parts  of  water.  A 
solution  containing  400  grammes  naphthol  green  and  100 
grammes  of  fluorescein  in  10  liters  of  water  is  recommended. 
For  coloring  220  lbs.  of  soap  about  100  ccm.  of  this  solution 
are  to  be  used.  Naphthol  green  being  sensitive  to  an  excess 
of  alkali,  especially  when  hot,  and  being  partly  decomposed 
thereby,  should  be  added  to  the  melted  soap  after  it  is  com- 
pletely saponified. 

There  is  no  brown  dyestuff  known  which  is  a  self-color  and 
suitable  for  coloring  soap.  The  brown  coloring  matters  are 
composed  either  of  mineral  colors  such  as  umber  and  sienna, 
or  mixtures  of  both,  which  are  added  to  the  fat  during  saponi- 
fication, or  they  are  mixtures  of  orange  or  yellowish-red  colors 
with  blue  dyestuflFs.  Most  brown  colors  change,  their  shade 
when  stirred  up  with  lye.  With  aniline  colors  quite  fair 
shades  of  brown  can  be  obtained  as  follows;  Naphthol  orange 
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or  mandarin  40  grammes,  fast  blue  10  grammes,  soluble  in 
water;  or  naphthol  orange  20  grammes,  methyl  blue  3 
grammes.  The  mixtures  are  dissolved  with  the  addition  of  a 
little  caustic  soda  in  about  1  liter  of  hot  water. 
'  For  heliotrope  soap  which  should  have  a  bright  lilac  color 
a  mixture  of  200  grammes  of  ultramarine  and  100  ccm.  of 
rhodamine  solution  may  be  used  for  220  lbs.  of  soap. 

A  few  formulas  for  milled  soaps  are  given  below :  — 

Elder-flower  soap. — Half-palm  soap  200  pounds,  dextrine  6 
pounds.  Perfume:  oil  of  bergamot  1  pound,  oil  of  lavender  4 
ounces,  oil  of  thyme  4  ounces,  oil  of  cloves  2  ounces  and  oils 
of  cassia  and  almonds  each  1  ounce.  Color :  light  green. 

Another  formula  is  as  follows:  Tallow  stock  soap  100  lbs. 
Color :  3^  ozs.  light  cinnabar,  1.4  ozs.  ultramarine.  Perfume  : 
14  ozs.  terpineol,  14  ozs.  bergamot  oil,  |  oz.  artificial  oil  of 
bitter  almonds,  i  oz.  vaniline,  6  ozs.  artificial  ylang-ylang  oil, 
i  oz.  aubepine,  5^  ozs.  geranium  oil,  0.14  oz.  artificial  musk. 

Lemon-soap. — White  soap  100  pounds,  starch  4  pounds. 
Perfume :  oil  of  lemon  8  ounces,  oils  of  bergamot  and  lemon- 
grass  each  4  ounces,  oil  of  cloves  2  ounces.  Color  yellow  with 
cadmium  yellow. 

Orange-soap. — White  soap  100  pounds,  starch  4  pounds. 
Perfume :  oil  of  orange-peel  16  ounces,  oil  of  cinnamon  1  ounce, 
and  oil  of  thyme  4  ounces.  Color  dark  yellow  with  napththa- 
line  yellow. 

Patchouli-soap. — White  stock -soap  50  pounds,  potato-flour  4 
pounds.  Color:  1^  ounces  of  Cassel  brown.  Perfume: 
geranium-oil  3^  ounces,  oil  of  patchouli  7  ounces. 

Another  fo^'mula  is  as  follows :  Palm  oil  stock  soap  100  lbs. 
Color :  7  ozs.  .May  green.  Perfume :  29  ozs.  lavender  oil,  3^^ 
ozs.  patchouli  oil,  0.8  oz.  oil  of  vetiver. 

Heliotrope  soap. — White  stock  soap  100  lbs.  Color:  1.4 
ozs.  Lavender  blue,  1.4  ozs.  light  cinnabar.  Peffv/me :  26  ozs. 
heliotropine,  1.4  ozs.  vanilline,  J  oz.  artificial  oil  of  bitter  al- 
monds, i  oz.  eugenol,  1.12  drachms  artificial  musk. 

Frangipanni  soap. — Palm  soap  30  lbs.,  white  soap  20  Iba, 
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dextrine  2  lbs.  Perfume :  Oil  of  bergamot  4  ozs.,  oils  of  neroii 
and  santal  each  2  ozs.,  tinctures  of  vanilla  and  civet  each  8 
ozs.     Color  light  brown  with  tincture  of  catechu. 

Gold-cream  soap. — White  soap  30  lbs.,  spermaceti  soap  20 
lbs.,  oil  of  almond  i  lb.,  caustic  potash  of  6^  B.  1  lb.,  gum 
tragacanth  2  ozs. 

Strip  up  the  two  soaps,  place  them  in  the  hopper  of  the  mill, 
dissolve  the  gum  by  previous  soaking  in  a  little  water,  mix 
with  the  oil  and  lye  to  a  uniform  consistency,  then  stir  into  the 
soap  and  grind  in  the  mill  until  thoroughly  combined.  Care 
should  be  taken  to  have  the  mass  as  white  as  possible.  Per- 
Jwme  the  above  with  oil  of  bergamot  5  ozs.,  oils  of  cloves  and 
nutmeg  each  1  oz.,  oil  of  thyme  2  ozs.,  oil  of  bitter  almonds 
1  oz. 

Savon  de  riz, — 54  lbs.  of  wax  soap  and  8  lbs.  of  starch.  Per- 
Jwne:  Oil  of  geranium  1  oz.,  oil  of  orange  (Portugal)  IJ  ozs., 
oil  of  bergamot  1^  ozs.,  oil  of  mirbane  1  oz.,  tincture  of  ben- 
zoin i  oz.  The  soap  remains  white,  or  is  colored  red  with  2} 
ozs.  of  vermilion. 

Savon  an  bouquet.'-^W bite  stock  soap  30  lbs.  Perfwme :  Ber- 
gamot oil  1^  ozs.,  oil  of  sassafras  |  oz.,  oil  of  thyme  6  drachms, 
oils  of  lavender  and  cloves  each  5  drachms,  oil  of  geranium  2 
drachms.     Color:  Yellow,  brown,  red  or  green. 

Herb  soap  {Dr.  Borchardt^a). — White  stock  soap  and  olive  oil 
soap  each  60  lbs.,  starch  3  lbs.  Perfume:  Oils  of  cassia  and 
lavender  each  1  lb.,  and  oil  of  bergamot  2  lbs. 

Idly  soap. — Wax  soap  60  lbs.,  starch  6  lbs.  Perfume:  Oil  of 
bergamot  6  ozs.,  oil  of  geranium  2  ozs.,  oil  of  cassia  \  oz.,  oil 
of  santal  3  drachms,  oil  of  cedar,  tincture  of  musk,  and  tincture 
of  tonka-bean  each  1  oz.,  tincture  of  storax  3  ozs. 

Canaga  soap. — Palm  oil  stock  soap  100  lbs.  Perfume:  21 J 
ozs.,  canaga  oil,  8^  ozs.  bergamot  oil,  14  ozs.  lavender  oil,  2^ 
drachms  artificial  musk. 

Jockey  Club  soap. — Tallow  stock  soap  100  lbs.  Color:  3 J 
ozs.  cinnabar.  Perfume :  7  ozs.  artificial  rose  oil,  7  ozs.  gera- 
nium oil,  9  ozs.  eugenol,  2  ozs.  hyacinthine,  0.7  ozs.  artificial 
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cassia  oil,  2  ozs.  artificial  jasmiiie  oil,  3^  drachms  artificial 
musk. 

White  Rose  soap, — White  stock  soap  100  lbs.  Perfume :  22J 
ozs.  geranium  oil,  ^  oz.  artificial  rose  oil,  1.4  ozs.  artificial  jas- 
mine oil,  1.4  ozs.  artificial  oil  of  neroli,  ^  oz.  patchouli  oil,  2^ 
drachms  civet. 

Rose  soap. — White  stock  soap  100  lbs.  Color:  3J  ozs.  light 
cinnabar.  Perfume :  J  oz.  byacinthine,  30  ozs.  geranium  oil, 
0.7  oz.  artificial  oil  of  neroli,  ^  oz.  eugenol,  2^  drachms  civet, 
1.4  ozs.  lavender  oil. 

Ess-bouquet  soap. — Palm  oil  stock  soap  100  lbs.  Color:  2 
ozs.  cinnabar,  14  ozs.  caramel.  Perfume:  12  ozs.  bergamotoil, 
13  ozs.  artificial  rose  oil,  1.4  ozs.  artificial  jasmine  oil,  10^  ozs. 
lavender  oil,  14  ozs.  tincture  of  benzoin.* 

Another  formula  is  as  follows:  Palm  oil  stock  soap  100  lbs. 
Color:  1.4  ozs.  cinnabar,  12  ozs.  soap  brown.  Perfume :6i 
ozs.  bergamot  oil,  14|  ozs.  geranium  oil,  0.7  oz.  artificial 
jasmine  oil,  1  oz.  hyacinthine,  7  ozs.  eugenol,  8J  ozs.  tincture 
of  benzoin,  7  ozs.  tincture  of  tolu  balsamf,  2J  drachms  civet 
ground  up  in  a  dish  with  3J  ozs.  orris  powder. 

Borax  soap  (milled)  White  stock  soap  80  lbs.,  17  ozs.  borax 
dissolved  in  boiling  water.  {Cold  stirred )  Cocoanut  oil  48  lbs., 
lard  12  lbs.,  caustic  soda  lye  of  38°  B.  30  lbs.,  21  ozs.  borax 
dissolved  in  boiling  water.  Perfume:  Bergamotoil  5^  ozs., 
linaloe  oil  4^  ozs.,  lavender  oil  1.4  ozs. 

Egg  soap, — White  stock  soap  50  lbs.,  Color :  J  oz.  yellow  ani- 
line color.  Perfume:  5 J  ozs.  cassia  oil,  4 J  ozs.  citronella  oil, 
IJ  ozs.  thyme  oil,  0.8  oz.  peppermint  oil. 

Hygienic  soap, — White  stock  soap  200  lbs.,  lanolin  6  lbs., 
potato  flour  1  lb.  Color :  f  oz.  light  wax  yellow.  Perfume :  7 
ozs.  linaloe  oil,  3^  ozs.  lavender  oil,  2|  ozs.  canango  oil,  2} 
ozs.  spike  lavender  oil,  2  ozs.  bergamot  oil,  3^  ozs.  orange 
extract,  2  ozs.  orris  root  tincture. 

*  Ttncture  of  benzoin  is  made  from  benzoin  1  lb.  and  alcohol  2  Ibe. 
t  Tincture  of  tolu  balsam  is  made  from  tolu  balsam  1  lb.,  alcohol  3  lbs. 
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Lanolin  soap, — White  stock-aoap  80  lbs.,  lanolin  2  lbs. 
Perfume:  7  ozs.  linaloe  oil,  2  ozs,  lavender  oil,  1|  ozs.  citronella 
oil. 

Almond  blossom  soap. — Stock  soap  100  lbs.  Perfums:  J  oz. 
genuine  bitter  almond  oil,  1  oz.  cassia  oil,  1^  ozs.  terpineol, 
5^  ozs.  palma  rosa  oil. 

Milk  soap. — On  account  of  their  mild  action  upon  the  skin 
milk  soaps  may  be  recommended  as  toilet  soaps  although 
they  do  not  allow  of  being  stored  for  a  long  time  as  they  easily 
turn  rancid.  A  good  quality  of  milk  soap  for  milling  is  pre- 
pared as  follows :  Skim  milk  is  evaporated  in  a  vacuum  ap- 
paratus to  i  its  volume,  at  a  low  temperature,  to  avoid  scorching 
and  consequent  darkening.  The  stock  soap  is  then  prepared 
as  follows :  Tallow  86  lbs.  and  Ceylon  cocoanut  oil  14  lbs. 
are  dissolved  in  a  kettle,  and  the  melted  fat  is  poured  through 
a  sieve  which  has  been  covered  with  a  cloth  to  remove  all 
impurities.  The  fat  is  then  returned  to  the  kettle  and  heated 
to  178^  F.,  it  being  best  to  use  a  jacketed  kettle  and  indirect 
steam.  When  the  fat  is  suflBciently  heated  add  slowly,  crutch- 
ing  constantly,  71  lbs.  soda  lye  and  2  lbs  potash  lye  and  then 
crutch  the  mass  until  it  is  thick.  Now  cover  the  kettle  and 
allow  the  soap  to  combine  so  that  it  acquires  a  glassy  appear- 
ance throughout.  Then  allow  the  soap  to  cool  to  144®  F. 
and  fill  it  in  the  customary  manner  with  evaporated  milk  ; 
of  the  latter  50  per  cent,  may  be  added,  but  soaps  with  an 
addition  of  25  per  cent,  are  best  for  milling.  When  the  milk 
has  been  thoroughly  crutched  in,  the  soap,  in  order  to  cool  it 
as  rapidly  as  possible,  is  poured  into  small  shallow  sheet  iron 
frames  holding  from  50  to  60  lbs.  each.  The  next  day  the 
soap  may  be  cut,  converted  into  shavings  and  dried  when  it 
is  ready  for  milling. 

Orange  blossom  soap, — Stock  soap  100  lbs.  Perfume:  1.4 
ozs.  neroli  oil,  10 J  ozs.  lavender  oil.  If  ozs.  bergamot  oil, 
1|  ozs.  geranium  oil,  1  oz.  lemon  oil,  3 J  ozs.  tincture  of  flausk. 

Milled  family  soaps, — For  these  soaps  an  inferior  grade  of 
stock  soap  may  be  used. 
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I.  Honey  soap. — Stock  soap  60  lbs.  Color :  \  oz.  orange  yellow, 
dissolved.     Perfume :  3  ozs.  citronella  oil,  2f  ozs.  lavender  oil. 

II.  Windsor  soap. — Stock  soap  60  lbs.  Color:  3}  ozs.  soap 
brown.  Perfume:  3 J  ozs.  tincture  of  musk,  2f  ozs.  oil  of 
cloves,  3^  ozs.  cassia  oil,  1^  ozs.  lavender  oil. 

III.  Patchouli  soap. — Stock  soap  60  lbs.  Perfume:  J  oz. 
patchouli  oil,  If  ozs.  cassia  oil,  1  oz.  bergamot  oil. 

IV.  Violet  soap, — Stock  soap  50  lbs.,  palm  oil  soap  10  lbs. 
Color:  b\  ozs.  umber,  J  oz.  brilliant  brown.  Perfume:  2| 
ozs.  bergamot  oil,  \  oz.  lavender  oil. 

V.  Musk  soap. — Stock  soap  60  lbs.     Color :  5\  ozs.  umber, 
J  oz.  brilliant  brown.     Perfume :  1 J  ozs.  oil  of  cloves,  J  oz. 
^wintergreen  oil,  ^  oz.  patchouli  oil,  2{  ozs.  tincture  of  civet, 
S^  ozs.  vaselin,  1|  ozs.  benzoin. 

Floating  Soap. — The  following  directions  may  serve  for 
the  production  of  a  white  floating  soap  from  fresh  raw  mate- 
rial, the  color  of  the  product  of  course  depending  largely  on 
the  color  of  the  oil  used  :  Cocoanut  oil  88  lbs,  caustic  soda  lye 
of  38°  B.  43  lbs.,  caustic  potash  lye  of  29®  B.  2  lbs.  Melt  the 
cocoanut  oil  in  the  customary  manner,  strain  it,  if  necessary, 
into  a  capacious  jacketed  kettle  and  heat  to  about  122^  F. 
Then  add  the  lye,  stir  thoroughly  for  about  ten  minutes,  and 
cover  the  kettle.  When  saponification  is  complete,  the  soap  is 
again  crutched,  and  should  then  present  a  net-like,  thick  ap- 
pearance. For  further  working  but  little  fire  or  steam  is  re- 
quired. Now  gradually  add  in  an  uninterrupted  stream  20 
pounds  of  potassium  chloride  solution  of  20^  B.  and  80  pounds 
of  hot  water.  To  promote  solution  the  soap  should  be  thor- 
oughly stirred  and  slightly  heated,  but  it  is  not  necessary  to 
bring  it  to  the  boiling  point.  When  all  is  thoroughly  dis- 
solved, fill  a  glass  cylinder  with  the  soap  solution,  allow  it  to 
cool  to  77°  F.,  and  test  it  with  a  hydrometer,  which  should 
indicate  a  density  of  about  45°  B.  ;  at  this  degree  a  medium 
heavy  floating  soap  is  obtained.  Now  allow  the  soap  solution 
in  the  kettle  to  cool  to  77^  F,  Enough  of  the  soap  is  then 
brought  into  the  stirring  kettle  to  fill  it  one-third  full  so  as  to 
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leave  plenty  room  for  the  expansion  of  the  soap.  The  stirring 
kettle  is  provided  with  an  arrangement  for  emptying  it  and 
with  a  stirring  apparatus,  the  latter  consisting  of  a  steel  shaft 
and  steel  blades,  fixed  so  that  it  can  be  conveniently  removed. 
The  liquid  soap  in  this  kettle  is  then  vigorously  agitated  or 
beaten  until  it  is  converted  into  a  stiff  froth,  which  is  immedi- 
ately brought  into  frames.  The  above-mentioned  temperature 
must  be  strictly  maintained,  for,  if  the  soap  solution  should 
have  a  higher  temperature,  for  instance,  100^  F.,  more  time 
would  be  required  to  convert  it  into  a  permanent  froth,  and 
besides,  the  latter  would,  by  long-continued  stirring,  become 
too  loose  so  that  the  resulting  soap  would  turn  out  too  light 
and  spongy.  If,  on  the  other  hand,  the  soap  solution  is  al- 
lowed to  cool  too  much,  the  resulting  soap  would  be  too  heavy 
because  the  formation  of  froth  is  not  effected  in  a  suitable 
manner.  To  obtain  a  somewhat  more  compact  product,  the 
soap  in  the  frame  may  be  covered  with  a  suitable  lid  and  the 
latter  loaded  with  stones  or  weights.  This,  to  be  sure,  reduces 
the  volume  of  the  soap,  but  it  then  contains  fewer  air-bubbles, 
becomes  denser  and  can  be  more  readily  cut  into  bars  and 
cakes.  The  soap  should  not  be  dried  in  a  very  warm  room  or 
in  a  drying  oven,  as  otherwise  it  becomes  cracked  and  gives  a 
great  deal  of  waste.  However,  the  entire  block,  after  being 
removed  from  the  frame,  should  for  several  weeks  be  placed  in 
an  airy  room  which  is  not  exposed  to  the  rays  of  the  sun. 
The  blocks  are  then  cut  into  slabs,  which  again  are  allowed 
to  dry  for  several  days,  and  then  finally  cut  into  bars  and 
cakes. 

Floating  soap  from  waste  ciUtings. — ^The  preparation  of  this 
soap  is  quite  simple.  Bring,  for  instance,  300  pounds  of 
cuttings  of  a  cocoanut  oil  soap  into  a  jacketed  kettle  and,  for 
their  solution,  add  about  46  pounds  of  potassium  chloride  so- 
lution of  20°  B.,  and  about  200  to  240  pounds  of  water,  the 
quantity  of  the  latter  depending  on  the  degree  of  dryness  of 
the  cuttings.  To  promote  solution  the  mass  is  at  first  quite 
strongly  heated  and  frequently  stirred.     Large  pieces  of  cut- 
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tings  should,  as  a  rule,  be  first  reduced  by  a  cutting  machine. 
Very  old  and  dry  cuttings  dissolve  with  difficulty  ;  solution 
can,  however,  be  accelerated  by  scattering  6  to  8  pounds  of 
common  salt  over  the  above-mentioned  quantity  of  cuttings  in 
the  kettle.  Only  cuttings  from  pure  coooanut  oil  soap  should 
be  used,  those  from  filled  soaps  not  being  available,  because 
such  filling  agents  as  soda  and  silicate  of  soda  have  a  detri- 
mental effect  upon  the  product,  the  soap  turning  out  brittle 
and  harsh  so  that  the  surface  of  the  cut  bars  and  cakes  do  not 
present  a  smooth  appearance.  A  similar  efiect  is  also  caused 
by  the  use  of  common  salt  in  too  large  quantities.  When  the 
soap  in  the  kettle  is  thoroughly  dissolved  it  is  run  through  a 
fine  sieve  into  another  kettle,  in  order  to  remove  particles  of 
paper  and  wood  as  well  as  other  impurities.  The  further 
operations  are  the  same  as  previously  described. 

Many  soapboilers  maintain  that  cocoanut  oil  by  itself  is 
not  very  suitable  for  floating  soap  on  account  of  its  yielding  a 
lather  that  is  not  suflBciently  permanent.  A  paste  soap  of  250 
per  cent,  yield  has  been  recommended  by  L.  Borchert.  It 
should  not  contain  too  much  water,  neither  should  it  be  too 
dry,  and  is  made  according  to  the  following  quantities :  Cocoa- 
nut  oil  50  lb.,  tallow  25  lbs.,  caustic  soda  lye  of  36°  B.,  40  lbs. 
potassium  carbonate  solution  of  20°  B.  40  lbs.,  potassium 
chloride  solution  of  20°  B.  20  lbs.,  brine  of  20°  B.  25  lbs. 

Heat  the  cocoanut  oil  and  tallow  to  86°  F..  then  stir  in  the 
40  lbs.  of  caustic  soda  lye,  allow  the  soap  to  stand  1  to  IJ 
hours  to  heat,  and  finally  crutch  in  the  potassium  carbonate* 
potassium  chloride  and  brine  solutions,  boiling  hot,  thus  pro- 
ducing a  paste  soap.  The  soap  is  beaten  in  the  stirring  kettle 
as  previously  described.  In  the  beginning  only  a  sufficient 
quantity  of  it  is  brought  into  the  kettle  for  the  stirring  appa- 
ratus to  dip  into  it.  When  this  is  beaten  into  a  froth  the 
remainder  is  gradually  added  and  beaten,  the  soap  being  kept 
meanwhile  at  about  194°  F.  At  the  end  of  the  operation  the 
soap  will  have  increased  more  than  twice  its  original  bulk, 
and  this  must  be  taken  into  consideration  in  selecting  the 
kettle  for  the  process. 
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Coloring  floating  soap. — These  soaps  are,  as  a  rule,  preferred 
white,  but,  if  required,  red  shades  may  be  produced  with 
cinnabar,  brilliant  rose,  oriental  rose  and  cardinal  red,  and 
yellow  with  water-soluble  tampico  yellow,  tainpico  orange,  etc. 

Perfuming  floaiing  soaps. — The  most  useful  perfumes  are  for 
white  soaps:  Lavender  oil,  caraway  oil,  white  thyme  oil  and 
fennel  oil ;  for  rose-color  or  red  soaps :  Lavender  oil,  oil  of 
cloves  and  palma  rosa  oil ;  for  yellow  soaps :  Lavender  oil 
and  cassia  oil. 

Floating  soaps  are  cut  with  a  fine  steel  wire,  and  for  smooth- 
ing the  bars  a  sharp,  finely-set  plane  is  necessary. 

Shaving  soaps. — These  soaps  are  prepared  in  various  ways. 
The  properties  demanded  from  a  good  quality  of  shaving  soap 
are,  that  it  yields  a  good  and  heavy  lather,  which  should 
remain  standing  for  a  considerable  time,  and  at  the  same  time 
be  mild  and  delicate. 

To  combine  these  properties,  fats  yielding  a  good  lather 
have  to  be  chosen  and  saponified  with  alkalies  exerting  a 
mild  effect  upon  the  beard  and  skin.  A  neutral  grained  soap 
is  the  best  to  use,  and  if  boiled  with  both  soda  and  potash 
lyes,  instead  of  soda  lye  alone,  it  is  rendered  still  milder. 
While  two-thirds  of  soda  lye  to  one-third  of  potash  lye  are 
usually  employed,  it  is  better  to  take  one-half  of  each.  Soaps 
from  cocoanut  oil  and  palmnut  oil  yield  an  excellent  lather, 
but  the  latter  is  not  permanent  enough.  Tallow  soaps,  on  the 
other  hand,  do  not  lather  as  freely,  but  the  lather  is  more  per- 
manent. Hence  a  better  lathering  soap  is  obtained  by  saponi- 
fying some  cocoanut  oil  with  the  tallow  in  the  proportion  of 
10  to  12  lbs.  of  the  former  to  100  lbs.  of  the  latter.  The  fol- 
lowing composition  may  serve  as  an  example. 

Saponify  100  pounds  of  tallow  with  lye  of  15°  B.  and  boil 
clear.  After  removing  the  salty  lye  add  10  pounds  of  cocoa- 
nut  oil  and  saponify  it  with  potash  lye  of  25°  B.  When  the 
whole  is  thoroughly  combined,  fit  the  soap  slightly,  and  after 
allowing  it  to  boil  through,  bring  it  into  the  frame.  Perfume 
with  3J  ounces  of  oil  of  cassia  and  4J  ounces  of  oil  of  thyme. 
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A  shaving  soap  can  be  boiled  both  by  the  direct  and  in- 
direct methods  from  a  stock  composed  of:  Tallow  70  parts, 
lard  20  parts,  and  cocoanut  oil  10  parts  with  a  lye  made  half 
of  soda  and  half  of  potash.  For  the  indirect  process  100  parts 
of  fat  require  about  300  parts  of  caustic  lye  of  10®  B.  Bring 
the  tallow  and  lard  into  the  kettle  and  begin  saponification 
with  caustic  soda  lye  of  10°  B.  When  the  soda  lye  has  com- 
pletely combined  run  in  the  potash  lye  whilst  the  mass  is 
briskly  boiling.  The  paste  is  boiled  up  until  samples  taken 
out  are  solid  and  become  moist.  The  paste  soap  is  then  sat- 
urated with  caustic  soda  lye  of  40°  B.  until  separation  of  the 
grain  takes  place.  Complete  separation  does  not  take  place 
at  once,  it  being  attained  by  further  steaming.  When  the  lye 
runs  clear  from  a  sample  taken  out  on  the  paddle,  the  kettle 
is  tightly  covered  and  the  spent  lye  run  off  after  it  has  sepa- 
rated. The  stock  soap  is  now  very  sharp,  as  a  rule,  and  con- 
tains sufficient  lye  mixed  up  with  it  to  completely  saponify 
the  cocoanut  oil,  which  is  now  added.  On  heating  the  soap 
oontaining  the  cocoanut  oil  and  adding  brine  of  4^  B.  or 
potassium  chloride  solution,  it  can  be  made  like  a  separated 
grained  soap.  It  is  then  always  free  from  froth,  but  should  it 
froth  during  separation,  it  will  by  further  steaming  boil  clear. 
It  must  also  be  tested  to  see  whether  it  is  too  sharp  or  not 
sharp  enough. 

When  boiling  a  grained  shaving  soap  from  the  same  fats 
by  the  direct  process,  100  pounds  of  fat  will  take  about  100 
pounds  of  caustic  lye  of  25°  B.  Heat  the  larger  part  of  the 
lye,  or  half  of  the  soda  and  half  the  potash  lye  in  a  kettle  and 
run  in  the  cocoanut  oil  and  lard.  A  soap  is  formed  which  is 
in  a  condition  to  combine  with  the  tallow  subsequently  added, 
so  that  when  all  the  fats  and  lye  boil  in  the  kettle  a  soap  re- 
sembling Eschweg  soap  is  obtained.  If  the  soap  is  inclined  to 
become  thick,  strong  potassium  chloride  solution  is  added. 
When  properly  fitted  the  soap  should  not  acquire  a  glassy  ap- 
pearance, and  a  cooled  sample  should  not  be  soft ;  if  necessary 
lye  is  added  until  a  sample  when  kept  warm  for  some  time  is 
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solid  and  white.     Potassium  chloride  solution  is  then  added 
until  the  soap  separates  from  the  thick  turbid  lye. 

Cold'Stirred  shaving  soap — Bring  into  the  kettle  80  pounds  of 
white  tallow  and  40  pounds  of  cocoanut  oil.  Heat  to  about 
99.5^  F.,  and  the  fats  being  melted,  add  in  the  usual  manner 
64  pounds  of  caustic  soda  lye  of  30®  B.  and  16  pounds  of  pot- 
ash  lye  of  30®  B.,  until  the  mass  forms  a  well-combined,  ho- 
mogeneous paste.  The  entire  operation  requires  at  the  utmost 
fifteen  to  twenty  minutes.  It  is  finished  when  the  surface  of 
the  soap  becomes  covered  with  a  film  which  constantly  re-forms, 
notwithstanding  stirring.  Perfume  the  soap  with  oils  of  lav- 
ender and  thyme,  each  3}  ounces,  oil  of  cumin  7  ounces,  oil 
of  bergamot  10}  ounces.  The  perfume  is  added  to  the  soap, 
with  constant  stirring,  before  bringing  it  into  the  frame. 

A  few  additional  formulas  for  cold-stirred  shaving  soaps  are 
here  given : 

I.  Tallow  30  lbs.,  olive  oil  14  lbs.,  cocoanut  oil  6  lbs.,  caustic 
soda  lye  of  35°  B.  20  lbs.,  potash  lye  of  10°  B.  18  lbs.  Heat 
the  fats  to  120°  F.  Perfume :  Bergamot  oil  2 J  ozs.,  oil  of  car- 
away 1}  ozs.,  lavender  oil  1 J  ozs.,  thyme  oil  J  oz.,  tincture  of 
musk  2|  drachms. 

II.  Tallow  34  lbs.,  oil  of  almonds  10  lbs.,  cocoanut  oil  6 
lbs.,  caustic  soda  lye  of  25®  B.  20  lbs.,  potash  lye  of  20°  B.  19 
lbs.  Keep  the  fat  at  116°  to  118°  F.  Perfume :  Bergamot  oil 
1}  ozs.,  oil  of  bitter  almonds  2f  drachms,  geranium  oil  3}  ozs. 

■  III.  Tallow  33  lbs.,  sesame  oil  10  lbs.,  cocoanut  oil  6  lbs., 
caustic  soda  lye  of  35°  B.  20  lbs.,  potash  lye  of  20°  B.  18  lbs. 
Heat  the  fat  to  from  86^  to  90°  F.  Perfume :  Safrol  2  ozs., 
peppermint  oil  }  oz.,  patchouli  oil  2|  drachms. 

For  the  preparation  of  a  shaving  soap  from  tallow  and  al- 
mond oil  by  the  cold  process,  Schimmel  &  Co.,  Leipzig,  Ger- 
many, give  the  following  formula  :  Tallow  85  parts  and  fatty 
almond  oil  15  parts  are  stirred  up  at  113°  to  115°  F.  with 
25  parts  of  caustic  soda  lye  of  38°  B.  and  25  parts  of  potash 
lye  of  38°  B.  Saponification  proceeds  smoothly,  and  the  re- 
sulting soap  gives  an  excellent  lather  and  has  a  fine  white  ap- 
pearance.    The  bars  do  not  warp,  but  remain  rectangular. 
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Shaving  map  powders  are  made  aa  follows :  First  prepare  a 
good  shaving  soap  in  the  warm  way  from,  for  instance,  500 
lbs.  of  tallow  and  100  lbs.  of  cocoanut  oil.  Boil  the  fats  with 
equal  parts  of  caustic  soda  lye  of  25^  B.  and  caustic  potash 
lye  of  25^  B.  to  a  clear  paste  and  separate  the  soap  with  brine. 
The  settled  grain  is  brought  into  frames  and  when  cold,  is 
cut  into  bars  which  are  converted  into  shavings.  The  latter 
are  thoroughly  dried  and  ground  to  a  fine  powder  in  a  mill. 
This  powder  is  mixed  with  starch  in  the  proportion  of  15  to 
20  lbs.  of  the  latter  to  100  lbs.  of  the  former.  By  the  addi- 
tion of  starch  to  the  soap  powder,  a  shaving  powder  is  ob- 
tained which  gives  a  fine  permanent  lather.  Before  mixing 
the  starch  with  the  soap  powder  it  is  perfumed,  as  a  rule,  with 
a  mixture  of  lavender  oil,  thyme  oil,  caraway  oil  and  fennel 
oil,  an  agreeable  perfume  being  composed  as  follows :  Starch 
30  lbs.,  lavender  oil  2^  ozs.,  lemon  oil  and  thyme  oil  each  1\ 
ozs.  The  starch  and  perfume  are  intimately  mixed  and  the 
whole  is  passed  through  a  sieve  which,  however,  should  not 
be  too  fine.  If  the  perfume  is  added  to  the  powdered  soap  it 
forms  small  balls  which  in  spite  of  all  trouble  cannot  be  en- 
tirely got  rid  of  and  finally  remain  behind  upon  the  sieve. 

A  very  fine  shaving  powder  with  a  very  durable  and  pleas- 
ant odor  is  obtained  by  a  mixture  of  powdered  soap  50  lbs., 
powdered  orris  root  8  lbs.,  and  almond  paste  4  lbs.  The 
whole  is  intimately  mixed  and  then  passed  through  a  sieve. 

Shaving  pastes  or  creams.  The  alkaline  base  of  these  prepar- 
ations is  potash  and  the  fatty  substances  generally  used  are 
lard,  olein,  olive  oil,  sesam^  oil,  and  cocoanut  oil.  The  fol- 
lowing formulas  may  serve  as  examples : 

I.  Melt  20  pounds  of  lard  on  a  water-bath  at  212°  F.,  add 
with  constant  stirring,  5  pounds  of  potash  lye  of  1.33  specific 
gravity,  and  keep  the  mixture  at  this  temperature,  gradually 
adding,  with  constant  stirring,  5  pounds  more  of  potash  lye. 
Saponification  is  finished  in  a  few  hours.  The  cooled  soap  is 
made  into  a  perfectly  homogeneous  paste  by  rubbing  in  a 
mortar,  and  for  creme  d'amandes  perfumed   with  oil  of  bitter 


TOILET   SOAPS   AND   SOAP   SPECIALTIES.  431 

almonds,  and  for  creme  de  rose  with  oil  of  rose,  and  in  the 
latter  case  colored  rose- red. 

II.  Olive  oil  60  lbs.,  olein  40  lbs.,  potash  lye  of  22°  B.  100 
lbs.,  caustic  soda  lye. of  30°  B.  5  lbs.  Run  half  the  lye  into 
the  kettle,  allow  to  boil  up,  then  gradually  add  the  olein  and 
when  saponified,  gradually  introduce  the  remainder  of  the  lye 
and  the  olive  oil.  When  the  soap  is  well  boiled  and  fitted,  a 
few  per  cents,  of  cocoanut  oil  or  palm  oil  may  be  added. 
When  the  soap  boils  in  light  "flowers,"  free  from  froth,  and 
a  sample  on  cooling  is  salve-like  and  of  a  grayish  color,  the 
operation  is  finished. 

Soft  toilet  soaps  or  soap  creams,  are  potash  soaps.  They 
serve  chiefly  for  toilet  purposes  and  must,  therefore,  be  very 
delicate  and  mild.  Prepare  flrst  a  clear  caustic  potash  lye  of 
20°  to  21°  B.  Now  bring  50  pounds  of  white  lard  and  10 
pounds  of  cocoanut  oil  into  a  clean,  roomy  kettle ;  apply 
gentle  heat,  and,  when  the  fat  is  melted,  add  50  pounds  of 
potash  lye  of  20°  to  21°  B.;  keep  the  mixture  at  a  tempera- 
ture of  from  167°  to  189°  F.,  and  stir  constantly.  By  the 
action  of  the  heat  and  stirring,  the  aqueous  portion  of  the  lye 
is  evaporated,  and  the  mixture  acquires  a  thicker  consistency. 
It  may  happen  that  a  portion  of  the  fatty  substances  separates 
from  the  mass,  which  is  chiefly  the  case  when  the  tempera- 
ture of  the  mixture  is  raised  to  a  degree  approaching  the  boil- 
ing point,  because  at  this  temperature  concentrated  lyes,  with 
but  few  exceptions,  have,  as  a  rule,  little  affinity  for  the  fatty 
substances.  It  may,  however,  also  be  due  to  the  inadequacy 
of  alkali  in  the  mixture.  In  the  first  case,  the  combination 
is  restored  by  moderating  the  heat,  and,  in  the  other,  saponi- 
fication is  completed  by  pouring  in  a  quantity  of  stronger  lye. 

For  the  first  operation,  which  is  called  preparatory  boiling, 
about  four  hours  are  required.  For  the  complete  saponifica- 
tion of  the  fat,  about  30  pounds  of  potash  lye  of  35°  B.  are 
then  gradually  added,  care  being  had  to  keep  the  mixture 
homogeneous  by  constant  stirring,  and  keeping  the  tempera- 
ture below  the  boiling  point  and  as  stationary  as  possible  be- 
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tween  167**  and  189°  F.  The  end  of  saponification  is  recog- 
nized by  the  paste  acquiring  a  very  thick  consistency.  Stir- 
ring now  becoming  more  difficult,  the  fire  is  removed,  as, 
notwithstanding  the  stirring,  the  soap  might  settle  on  the 
bottom  and  scorch,  which  would  not  only  change  the  quality 
of  the  soap,  but  impair  its  white  color.  Many  manufacturers 
prepare  this  soap  in  an  iron  kettle,  with  double  bottom  heated 
by  steam ;  some  use  silver  kettles,  which  are  preferable,  be- 
cause the  soap  will  retain  in  them  all  its  whiteness. 

Fig.  68  represents  a  kettle  with  a  double  bottom  heated  by 

steam.     This  kettle  is  of  tinned  copper, 
Fig.  63.  and  may  be  used  also  to  purify  tallow 

and  greases. 

The  entire  operation  of  preparing  this 

soft  soap  lasts  from  seven  to  eight  hours. 

When  the  soap  is  cool,  it  has  a  soft  and 

pasty   consistency,   and   is  poured    into 

large  stone  or  porcelain  jars  in  which  it 

is  kept  for  use. 
Soft  soap,  as  obtained  by  the  saponification  of  fatty  sub- 
stances by  potash,  has  not  that  bright  and  nacreous  appear- 
ance required  for  the  toilet.  To  attain  this  state,  it  is  ground 
in  a  marble  mortar,  and  aromatized  with  oil  of  bitter  almonds, 
about  1  ounce  being  sufficient  for  the  above  quantity. 

Although  oil  of  bitter  almonds  is  principally  used  as  a  per- 
fume for  these  soap  creams,  other  fragrant  substances  may  be 
employed. 

Liquid  toilet  soaps.  These  products  are  simply  solutions  of 
soap  which  must,  however,  be  carefully  prepared  to  possess 
the  required  qualities.  The  liquid  soap  should,  in  a  some- 
what thicker  layer,  appear  as  a  translucent,  opalescent  mass  of 
such  a  consistency  that  it  flows  from  a  bottle  in  a  viscid  stream 
like  thin  honey. 

Perfectly  pure  white  hard  soap  free  from  odor  has  to  be 
used  for  the  preparation  of  liquid  soap.  The  soap  is  converted 
into  fine  shavings  and  the  latter  are  gradually  brought  into 
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boiling  water  until  a  cooled  sample  shows  the  above-men- 
tioned properties.  The  liquid  is  then  allowed  to  boil  gently 
and  frequently  stirred  to  bring  every  particle  of  soap  into  so- 
lution and  at  the  same  time  obtain  a  homogeneous  fluid. 
Stirring  is  continued  until  the  fluid  shows  the  peculiar  opal, 
escent  appearance  characteristic  of  concentrated  soap  solutions. 

The  finished  soap  is  allowed  to  cool  to  the  ordinary  tempera- 
ture when  the  perfume  and  coloring  matter  are  added.  Ani- 
line colors  are  used  for  coloring  and  should  be  dissolved  in  the 
smallest  possible  quantity  of  alcohol  free  from  fusel  oil.  The 
soaps  are  colored  according  to  the  perfume  used,  for  instance, 
pale  red  for  rose  soap,  pale  violet  for  violet  soap,  etc.  How- 
ever, the  coloring  matter  should  be  used  sparingly,  so  that  the 
soap  shows  the  color  only  in  thicker  layers,  but  appears  almost 
colorless  in  thinner  layers.  On  the  other  hand,  quite  a  large 
quantity  of  perfume  may  be  used  so  that  the  hands  are  per- 
ceptibly scented  after  washing  with  the  soap. 

After  adding  the  perfume  and  coloring  matter,  the  fluid  is 
again  stirred  at  the  ordinary  temperature  until  it  is  uniformly 
colored  and  scented. 

The  finished  liquid  soap  is  at  once  brought  into  the  bottles 
in  which  it  is  to  be  sold. 

Liquid  glycerin  soaps.  I.  Heat  in  an  enameled  vessel  on  a 
water-bath,  olein  250  parts  by  weight,  stir  in  750  parts  by 
weight  of  glycerin,  and  heat  the  mixture  to  140°  F.  Then 
run  in  100  parts  by  weight  of  caustic  potash  lye  of  38°  B. 
previously  diluted  with  25  parts  by  weight  of  distilled  water, 
when  saponification  will  immediately  take  place.  Allow  the 
mass,  which  is  quite  thick,  to  cool,  and  then  stir  in  a  solution 
of  15  parts  of  potassium  carbonate  in  25  parts  by  weight  of 
hot  water.  Now  cover  the  vessel  and  allow  the  soap  to  stand 
two  to  three  days.  Then  pour  off  the  clear  soap  from  the 
sediment,  add  the  perfume  dissolved  in  alcohol,  and  after  well 
shaking  the  whole  allow  it  to  stand  quietly  for  some  days. 
Finally  filter  the  soap  through  paper  and  fill  it  in  bottles  for 
use.  Filtration  being  rather  slow  the  soap  should  be  well 
28 
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covered  to  prevent  the  perfiime  from  evaporating.  Any  de- 
sired perfume  may  be  used,  but  the  essential  oils  must  be 
dissolved  in  96  per  cent,  alcohol. 

II.  Dissolve  11  parts  of  caustic  potash  in  sticks  in  30  parts  of 
alcohol,  add  60  parts  of  peanut  oil,  and  allow  the  whole  to 
stand  at  about  86^  F.  until  saponification  is  complete.  Dis- 
solve the  solid  soap  formed  in  equal  parts  by  weight  of  gly- 
cerin. Peanut  oil  is  more  suitable  than  olive  oil,  as  it  saponi- 
fies more  quickly  and  yields  a  finer  soap.  With  the  use  of 
pure  materials  filtering  is  not  necessary. 

III.  Melt  35  lbs.  Cochin  cocoanut  nut  oil  and  35  lbs.  cotton- 
seed oil,  strain  the  melted  fat  and,  at  178^  F.,  stir  in  in  a  thin 
stream  80  lbs.  caustic  potash  lye  of  20°  B.,  crutch  thoroughly, 
and  add  130  lbs.  glycerin  of  249  B.  and  50  lbs.  water.  Cover 
the  kettle  for  half  an  hour  and  then  stir  in  120  lbs.  95  per 
cent,  alcohol.  Perfume:  J  oz.  palma  rosa  oil,  J  oz.  each  of  oil 
of  cloves,  J  oz.  each  of  lavender  oil  and  bergamot  oil  and  2f 
drachms  tincture  of  musk. 

IV.  Mix  white  potash  soap  1  oz.,  glycerin  3  ozs.,  sugar 
syrup  1  oz.,  90  per  cent,  alcohol  J  oz.,  cinnamon  oil,  geranium 
oil,  sassafras  oil  and  oil  of  cloves  2  drops  each,  citronella  oil  5 
drops,  wintergreen  oil  2  drops,  tincture  of  musk  1  drop.  Let 
the  mixture  stand  for  a  few  days,  and  filter. 

V.  Dissolve  Venice  soap  in  shavings  2  ozs.,  and  pure  potash 
2|  drachms  in  alcohol  17  ozs.,  and  glycerin  10}  ozs.,  and  add 
7  ozs.,  more  of  alcohol  to  th^  solution.  Filter,  and  then  add 
1  drachm  each  of  lemon  and  bergamot  oils. 

Medicated  soaps. — Every  soapmaker  engaged  in  the  prepara- 
tion of  medicated  soaps  is  aware  of  the  painstaking  care  and 
accuracy  required  to  make  soaps  according  to  a  physician's 
prescription  and,  although  many  manufacturers  turn  out  an 
excellent  product  there  are  many  so-called  medicated  soaps 
brought  into  commerce  which  do  not  deserve  the  name,  since 
they  frequently  contain  not  even  a  trace  of  eflScacious  sub- 
stances. Again,  we  find  other  medicated  soaps  which  are 
inoperative  on  account  of  ignorance  as  regards  the  decomposi- 
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tion  of  the  chemical  agents  added  to  the  soap.  In  many 
iodine  soaps,  for  instance,  a  small  addition  of  potassium 
iodide  is  found,  biit  no  sodium  hyposulphite,  which  is  abso- 
lutely necessary  to  render  the  iodine  eflBcacious.  And,  thus 
there  are  many  other  soaps,  which  from  a  want  of  sufficient 
chemical  knowledge  are  not  properly  composed,  and  instead 
of  having  a  soothing  and  healing  effect  in  skin  diseases  pro- 
mote the  diseased  state. 

Medicated  soaps  are  prepared  either  in  the  cold  or  warm  way, 
similar  to  milled  soaps. 

Dr.  P.  G.  Unna  has  pointed  out  the  importance  of  soap  as  a 
remedy  in  dermatology.  He  prepares  his  medicated  soaps  in 
accordance  with  the  following  principles :  He  employs  only  one 
fat,  namely,  the  best  quality  of  beef  tallow,  and  rejects  cocoa- 
nut  oil  entirely,  on  account  of  its  roughening  effect  on  the  skin 
when  continuously  used.  The  alkali  employed  consists  of  a 
mixture  of  2 — in  the  middle  of  summer  3 — parts  of  freshly- 
prepared  soda  lye  and  1  part  of  potash  lye,  the  total  quantity 
being  just  sufficient  to  leave  the  saponified  mass  perfectly 
neutral  in  reaction.  These  soda-potash  soaps  are  solid,  more 
efficacious  than  soaps  from  soda  alone,  and  do  not  peel  like  the 
latter  sometimes  do.  As  neutral  soaps,  when  permanently  in- 
corporated with  the  skin,  abstract  fat  therefrom,  and  produce 
a  disagreeable  brittleness  attended  by  congestion  and  rough- 
ness. Dr.  Unna  superfats  his  soaps  by  taking,  beyond  the 
amount  of  fat  necessary  for  saponification,  an  excess — aver- 
aging 3  to  4  per  cent.— of  fat,  consisting  of  8  parts  tallow  and 
1  part  olive  oil.  These  superfatted  soaps  have  the  additional 
advantage  of  better  preserving  sundry  medicaments,  such  as 
salicylic  acid,  unstable  salts  and  sublimate  better  than  ordinary 
neutral  soaps.  Of  course,  all  the  other  conditions  applicable 
to  the  best  toilet  soaps  must  also  be  fulfilled.  Dr.  Unna  recom- 
mends the  following  formula  for  a  superfatted  stock  soap : 

Best  beef  tallow  16  parts,  olive  oil  2  parts,  caustic  soda  lye 
of  38°  B.  6  parts,  caustic  potash  lye  of  38°  B.  3  parts.  The 
most  interesting  of  Dr.  Unna's  medicated  soaps  are  the  super- 
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fat  salicylic  soap  and  suj)er-fat  zinc  salicylic  soap.     Theae 
soaps  prepared  from  the  best  salicylic  acid  are  used  : — 

1.  As  disinfecting  soaps  in  all  fungoid  affections  of  the  skin. 

2.  As  an  auxiliary  remedy  in  the  form  of  simple  ablutions^ 
with  water  as  hot  as  possible  in  severe,  obstinate  and  strongly 
itching  cases  of  eczema. 

3.  In  acne  partially  to  promote  the  removal  of  the  diseased 
horny  layer  and  to  lay  bare  the  follicle  closed  by  it,  and  par- 
tially to  remove  the  black  horny  points  of  the  comedones. 

The  composition  of  the 

Super-fat  salicylic-soap  is  as  follows :  Super-fat  stock-soap  95 
parts,  salicylic  acid  5  parts.  The  soap  is  yellowish  white  and 
quite  soft,  and  inclined  with  repeated  soaking  and  drying  to 
become  brittle,  and  should,  therefore,  be  kept  dry. 

Super-fat  zinc  salicyliC'Soap  is  composed  of  88  parts  of  stock- 
soap,  2  parts  of  zinc  oxide,  and  10  parts  of  salicylic  acid.  This 
soap  is  white,  very  hard,  yields  little  lather  with  cold  water, 
but  an  abundant  one  with  hot  water,  with  which  it  is  directed 
to  be  used. 

Other  super-fat  soaps  prepared  according  to  Dr  Unna's  di- 
rections are  : — 

Super-fat  tar-soap  contains  5  per  cent,  of  tar. 

Super-fat  sulphur-soap  contains  10  per  cent,  of  precipitated 
sulphur. 

Super-fat  tar-sulphur  soap  contains  5  per  cent,  each  of  tar 
and  precipitated  sulphur. 

Super-fat  camphor-sulphur  soap  with  5  per  cent,  of  camphor 
and  10  per  cent,  of  precipitated  sulphur. 

Super-fat  camphor-soap  with  5  per  cent,  of  camphor. 

Super-fat  borax-soap  with  5  per  cent,  of  sodium  borate. 

Super-fat  iodine-soap  with  5  per  cent,  of  potassium  iodide. 

Super-fat  naphthol-soap  with  5  per  cent,  of  naphthol-  . 

Super-faJt  naphthol  sulphur  soap  with  5  per  cent,  each  of 
naphthol-j8  and  precipitated  sulphur. 

Other  Formulas  for  Medicated  Soaps, — Arsenic  soap  is  chiefly 
used  for  preserving  skins  of  animals  for  stuflBng  purposes  by 
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application  to  the  flesh  side.  Mix  intimately  10  ozs.  salicylic 
acid,  5  ozs.  powdered  borax,  5  ozs.  powdered  naphtholene,  20 
ozs.  ground  arsenious  acid,  50  ozs.  soap  and  100  ozs.  water. 
Apply  the  salve-like  soap  to  the  flesh  of  the  skin. 

Another  formula  is  as  follows : — Heat  until  all  is  dissolved, 
11  ozs.  arsenic,  4  ozs.  potassium  carbonate  and  11  ozs.  water. 
Then  add  11  ozs.  Marseilles  soap  in  shavings,  stir  the  whole 
and  when  dissolved,  introduce  IJ  ozs.  quick  lime  and  J  oz. 
powdered  camphor. 

Pumice  soaps, — \.  For  disinfecting  the  hands,  etc, — According 
to  L.  Pforringer  a  neutral  soap  made  from  a  vegetable  fat  is 
best  suited  for  this  purpose.  Cut  into  fine  shavings  3  ozs.  of 
soap — the  use  of  a  larger  quantity  is  not  advisable  as  the  re- 
sulting product  would  turn  out  too  hard.  Dissolve  the  shav- 
ings in  300  ccni.  of  96°  to  97°  per  cent,  alcohol  on  a  hot  water 
bath  with  an  inverted  condenser.  When  solution  is  complete 
make  up  the  quantity  to  1000  ccm.  by  the  further  addition  of 
700  ccm.  of  hot  96  per  cent,  alcohol.  Then  add  gradually 
lOJ  ozs.  of  finely  powdered  pumice  previously  dried  and 
sterilized  and  allow  the  mixture  to  cool  slowly,  shaking  it 
vigorously  all  the  while  in  order  to  distribute  the  pumice  as 
uniformly  as  possible.  If  insuflBciently  shaken  two  layers 
form  after  cooling,  a  lower  one  of  pumice  and  an  upper  one 
consisting  of  alcoholic  soap  emulsion.  During  this  shaking 
the  soap  solidifies  to  a  cream  ;  it  becomes  subsequently  more 
solid  and  can  in  this  consistency  be  poured  out.  The  soap 
should  be  kept  in  air-tight  vessels  otherwise  the  alcohol 
gradually  evaporates. 

While,  strictly  speakingi  pumice  soaps  cannot  be  called 
medicated  soaps,  they  are  useful  as  a  mechanical  agent  for 
removing  warts  and  callosities.  They  are  generally  prepared 
by  the  cold  process  from  cocoanut  oil  alone  or  in  combination 
with  tallow,  cottonseed  oil,  bleached  palm  oil,  etc.  The  oil  is 
melted  and  the  lye  stirred  in  at  a  temperature  of  89'°  to  95°  F. 
The  finely  powdered  pumice  is  then  sifted  in  and  the  soap 
perfumed.     The  following  compositions  may  serve  as  examples: 


438  MANUFACTURB   OP   SOAP. 

II.  Cocoanut  oil  80  lbs.,  cottonseed  oil  20  lbs.,  caustic  soda 
lye  of  38°  B.  48  lbs.,  caustic  potash  lye  of  30°  B.  2  lbs.,  pul- 
verized pumice  50  lbs.  Perfume :  Cassia  oil  5j^  ozs.,  rosemary 
oil  3}  ozs.,  lavender  oil  If  ozs.,  safrol  If  ozs.,  oil  of  cloves 
J  oz. 

III.  Cocoanut  oil  100  lbs.,  caustic  soda  lye  of  40°  B.  50  lbs., 
powdered  pumice  100  lbs.  Perfume:  Lavender  oil  8J  ozs., 
caraway  seed  oil  2|  ozs. 

A  bluish-gray  shade,  which  is  frequently  desired,  may  be 
imparted  by  a  little  ultramarine. 

Benzoin  soap  {in  the  cold  way).  Prepare  first  by  the  cold  way 
a  good  non-caustic  soda  soap  from  a  mixture  of  cocoanut  oil 
and  lard,  strip  the  soap,  sprinkle  the  shavings  with  the  color, 
then  pour  the  benzoin  tincture  over  them,  mix  in  the  mill, 
press,  dry  and  mould  the  finished  soap. 

For  benzoin  soap  use :  100  pounds  of  soap  prepared  as  above 
and  tincture  of  benzoin  8  pounds.  Color  brown  with  sugar 
color. 

Benzoin  tincture  is  prepared  by  treating  a  good  quality  of 
pulverized  benzoin  with  alcohol.  Benzoin  soap  has  an  agree- 
able vanilla-like  odor. 

Camphor  soap,  I.  Milled.  White  stock  soap  80  lbs.,  cam- 
phor finely  pulverized  and  sifted  6  lbs. 

II.  Cold  stirred,  Cocoanut  oil  40  lbs.  and  caustic  soda  lye 
of  38°  to  40°  B.  20  lbs.,  stirred  together  at  106«>  F.,  camphor 
21  ozs.  The  camphor  is  dissolved  in  the  oil,  though  it  may 
also  be  dissolved  in  alcohol,  and  the  solution  crutched  into  the 
finished  soap. 

If  the  odor  of  camphor  is  to  be  covered,  the  soaps  may  be 
perfumed  with  sassafras  oil  and  rosemary  oil  each  5  ozs., 
thyme  oil  2^  ozs. 

Camphor  soap  is  used  for  chilblains,  and  in  the  bath  for 
rheumatic  pains. 

Carbolic  soap,  I.  Milled,  White  stock  soap  80  lbs.,  chem- 
ically pure  carbolic  acid  2  lbs.  stirred  up  in  potash  solution 
2  lbs. 
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II.  Cold  stirred.  Cocoanut  oil  40  lbs.,  caustic  soda  lye  of 
38®  B.  20  lbs.,  chemically  pure  carbolic  acid  26  ozs.  dissolved 
in  potash  lye  26  ozs.  and  glycerin  3^  ozs. 

Carbolic  soap  serves  for  the  removal  of  sycosis  (barber's 
itch),  dandruff,  etc.,  as  well  as  for  general  toilet  use,  especially 
during  the  prevalence  of  infectious  diseases.  For  disinfecting 
linen  a  carbolic  neutral  potash  soap  is  recommended,  3  per 
cent,  of  carbolic  acid  incorporated  in  the  soap  having  a  weak, 
and  5  per  cent,  a  strong  action.  It  may  be  prepared  by  stir- 
ring 10  lbs.  liquid  carbolic  acid  into  200  lbs.  of  unfilled  soil 
soap,  and  eventually  fitting  with  a  small  quantity  of  lye. 

Carbol-glycerin  soap, — Tallow,  cocoanut-oil,  and  lye  of  38*^ 
B.  each  30  pounds,  alcohol  15  pounds,  liquid  carbolic  acid  and 
glycerin  each  12  pounds,  sugar  color  \  pound.  Prepare  in  the 
same  manner  as  glycerin  soap. 

Oreolin  soap.  I.  Milled.  White  stock  soap  80  lbs.,  creolin 
1  lb. 

II.  Ck)ld  stirred.  Cocoanut  oil  60  lbs.,  caustic  soda  lye  of 
38®  B.,  31  lbs.,  creolin  3  lbs.  The  creolin  is  dissolved  in  the 
cocoanut  oil.     Creolin  soap  has  an  antiseptic  action. 

Iodine  soap.  I.  Milled.  White  stock  soap  40  lbs.,  potassium 
iodide  finely  powdered  and  sifted  4  lbs. 

II.  Cold  stirred.  Cocoanut  oil  30  lbs.,  caustic  soda  of  lye 
38®  B.  15J  lbs.,  potassium  iodide  4J  lbs.  dissolved  in  as  little 
water  as  possible. 

Iodine  soap  is  used  for  certain  ailments  of  the  hands  and 
feet  and  also  for  the  preparation  of  baths  as  a  remedy  for 
eruptions  of  the  skin. 

A  soap  used  for  iodine  and  bromine  baths  is  prepared  as  fol- 
lows: 

Liquefy  10  lbs.  best  quality  olein  soft  soap  on  the  water  bath 
and  add  a  solution  of  14|  ozs.  liver  of  sulphur,  17|  ozs.  potas- 
sium iodide,  lOJ  ozs.  potassium  bromide  and  4J  ozs.  pure  fer- 
rous sulphate  (copperas).  The  whole  is  thoroughly  agitated 
and  then  evaporated  so  that  on  cooling  a  firm  soap  results. 

Ichthyol  soap.  I.  Milled. — White  stock  soap  40  lbs.,  am- 
monia ichthyol  |  lb. 
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II.  Cold  stirred, — Cocoanut  oil  30  lbs.,  caustic  soda  lye  of 
38°  B.  i5J  lbs.,  ammonia  ichthyol  f  lb.,  dissolved  in  as  little 
water  at  possible.  Ichthyol  soap  is  used  for  chilblains  and 
various  skin  diseases. 

Sulphur  soap.  I.  Milled, — Yellow  stock  soap  40  lbs.,  liver 
of  sulphur  4  lbs.,  dissolved  in  as  little  water  as  possible,  are 
mixed  in  the  customary  manner  in  the  mixing  machine. 

II.  Cold  stirred. — Cocoanut  oil  20  lbs.,  caustic  soda  lye  of 
38®  B.  lOJ  lbs.,  liver  of  sulphur  3  lbs.  dissolved  in  water, 
3  lbs. 

Tannin  soap,  I,  Milled, — White  stock  soap  80  lbs.,  tannic 
acid  2  lbs. 

II.  Cold  stirred. — Cocoanut  oil  60  lbs.,  caustic  soda  lye  of 
38°  B.  31  lbs.,  tannic  acid  IJ  lbs.,  dissolved  by  heating  in 
water  3  quarts.  Perfume:  Lavender  oil,  geranium  oil  and 
bergamot  oil  each  1  oz.,  peppermint  oil  If  ozs. 

With  stirred  soap  the  tannic  acid  solution  should  be  added 
at  the  latest  possible  moment,  since  with  the  admission  of  air 
tannic  acid  in  the  presence  of  free  alkali  rapidly  decomposes. 
Tannin  soap  is  recommended  for  herpes  (ring-worm,  etc.). 

Tar  soap.     I,  Milled. — Brown  stock  soap  40  lbs.,  wood  tar 

5  lbs. 

II.  Cold  stirred, — Cocoanut  oil  20  lbs.,  caustic  soda  lye  of 
38°  B.  lOf  lbs.,  wood  tar  2  lbs. 

The  stirred  soap  is  prepared  in  the  customary  manner  by 
stirring  together  the  lye  and  cocoanut  oil,  the  tar  having  been 
previously  dissolved  in  the  oil. 

Tar-sulphur  soap.  I.  Milled, — Yellow  stock  soap  40  lbs,  liver 
of  sulphur  4  lbs.,  wood  tar  4  lbs. 

II.  Cold  stirred, — Cocoanut  oil  20  lbs.,  caustic  soda  lye  of 
38°  B.  lOJ  lbs.,  liver  of  suphur  3  lbs.,  wood  tar  3  lbs. 

Tar  soaps  are  recommended  for  eruptions  of  the  skin,  dan- 
druff, etc. 

Turpentine  soap. — Melt  on  a  water  bath  white  stock  soap 

6  lbs.,  and  unfilled  soft  soap  6  lbs.     When  thoroughly  lique- 
fied, add  and  mix  intimately  12  lbs.  turpentine  and  21  ozs. 
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finely  powdered  potash.  The  resulting  product  is  of  salve-like 
consistency  and  is  filled  into  shallow  glass  boxes.  It  is  highly 
recommended  as  an  embrocation  for  rheumatism,  gout,  swell- 
ings, chiblains,  etc. 

Naphthol  soap.  I.  Milled, — Stock  soap  18  lbs.,  beta  naph- 
thol  1  lb. 

II.  Cold  stirred. — Cocoanut  oil  20  lbs.,  tallow  5  lbs.,  caustic 
soda  lye  of  38°  B.  14  lbs.,  beta  napthol  7 J  lbs.  Perfume: 
Peppermint  oil  2f  drachms,  oil  of  cloves  J  oz.,  cassia  oil  J  oz. 

Stir  the  lye  into  the  fat  at  95°  F.,  and  when  combination 
has  been  effected  mix  in  the  napthol,  then  the  perfume,  and 
finally  frame  the  soap  and  cover  it  up  well.  Naphthol  soap 
is  used  for  skin  diseases. 

Napthalene  soap. — Cocoanut  oil  10  lbs.,  castor  oil  2J  lbs., 
tallow  2J  lbs.,  caustic  soda  lye  of  37°  B.  8  lbs.,  naphthalene 
1  lb.  Stir  the  naphthalene  into  the  fat  heated  to  98°  F.  and 
when  the  temperature  has  sunk  to  86°  F.  add  the  lye.  Per- 
fume: Cassia  oil  0.8  oz.,  peppermint  oil  2f  drachms.  The 
soap  is  recommended  for  excessive  perspiration. 

Vaseline  soap.  I.  Milled. — White  stock  soap  40  lbs.,  white 
vaseline  3 J  lbs.  Perfume:  Bergamot  oil  3 J  ozs.,  cinnamon 
oil  f  oz.,  rose  geranium  oil  3 J  ozs.,  oil  of  cloves  ^  oz.,  oil  of 
bitter  almonds  J  drachm,  Peruvian  balsam  and  tincture  of 
vetiver  3J  ozs.  each. 

II.  Cold  stirred. — Cocoanut  oil  heated  to  86°  F.  20  lbs., 
white  or  yellow  vaseline  6  lbs.,  caustic  soda  lye  of  38°  B.  12 
lbs.  Perfume:  Sassafras  oil  If  ozs.,  lavender  oil  1  oz.,  rosemary 
oil  i  oz.,  oil  of  bitter  almonds  and  oil  of  cloves  2f  drachms 
each.     Stir  the  lye  into  the  fat  at  77°  F. 

Thymol  soap.  I.  Milled. — White  stock  soap  40  lbs.,  thymol 
1  lb.,  dissolved  in  a  small  quantity  of  alcohol. 

II.  Cold  Stirred, — Cocoanut  oil  30  lbs.,  caustic  soda  lye  of 
38°  B.  16  lbs.,  thymol  1  lb.,  dissolved  in  a  small  quantity  of 
alcohol.  Thymol  soap  is  recommended  for  diseases  of  the 
skin,  its  antiseptic  properties  being  thus  brought  into  effect. 
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CHAPTER  XVIII. 

Essential  Oils  and  Other  Materials  Used  for 

Perfuming  Soaps. 

An  extensive  class  of  bodies,  nearly  all  limpid  liquids,  but 
some  viscid,  and  a  few  solid,  are  known  under  the  collective 
term  of  essential  or  volatile  oils.  Most  of  them  are  of  vege- 
table origin,  the  animal  kingdom  furnishing  but  a  few  sub- 
stances and  of  these  only  three,  namely  ambergris,  civet  and 
musk  are  used  for  toilet  soaps.  By  the  extraordinary  pro- 
gress which  has  of  late  been  made  in  the  chemistry  of  essential 
oils  and  the  establishment  of  the  chemical  composition  of 
many  of  them,  a  considerable  number  of  important  perfumes 
are  now  at  the  disposal  of  the  soapmaker  and  perfumer. 
They  are  in  part  separated  from  the  oils  and  presented  to  the 
consumer  in  a  pure  form,  and  partly  prepared  artificially. 
The  most  important  of  these  products  will  be  referred  to  later 
on. 

The  essential  oils  as  found  in  commerce  vary  very  much  in 
quality,  and  are  frequently  adulterated  and  generally  by  sim- 
ply mixing  an  expensive  oil  with  a  cheap  one.  Alcohol  is  also 
used,  more  rarely  chloroform  and  fatty  oil.  In  addition  to 
these  old  customary  means,  the  hydrocarbon,  known  as  ter- 
pene,  which  is  separated  out  in  the  production  of  concentrated 
oils,  has  recently  come  into  use  for  adulterating  purposes. 

Whilst,  thanks  to  the  development  of  the  chemistry  of  the 
terpenes  during  the  last  10  to  15  years,  great  progress  has  been 
made  in  detecting  adulterations,  the  incomplete  knowledge  of 
the  composition  and  the  lack  of  methods  of  examination  ad- 
mit at  present,  in  the  case  of  most  of  these  oils,  of  no  depend- 
able tests  based  on  rational  chemical  foundations,  and  for  the 
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soapmaker  it  is  therefore  the  safest  plan  to  purchase  these 
expensive  articles  ffom  a  source  known  to  be  reliable. 

The  substances  which  are  mostly  in  use  for  perfumery  pur- 
poses will  be  described  below,  together  with  the  most  im- 
portant methods  of  testing  them. 

Essential  oils.  As  no  feasible  classification  of  these  oils  has 
yet  been  discovered,  they  have  for  the  sake  of  convenience 
been  alphabetically  arranged. 

Angelica  oil  is  obtained  from  the  fruit  as  well  as  the  root  of 
Angelica  {Archangelica  officinalis  Hoffm.  =  Angelica  Arch- 
angelica).  The  oil  usually  used  is  obtained  from  the  root,  but 
that  from  the  fruit  (seed)  is  of  finer  quality.  When  fresh  the 
root  oil  is  a  mobile,  colorless  liquid  which  turns  yellow  to 
brown  on  exposure  to  light  and  air.  It  has  an  aromatic  odor 
and  burning  taste.  Its  specific  gravity  ranges  from  0.855  to 
0.905  at  59^  F.  When  exposed  to  the  air  the  oil  absorbs 
oxygen  and  gradually  resinifies. 

The  seed  oi]  possesses  an  odor  similar  to  that  of  root  oil,  but 
much  finer.  Its  specific  gravity  is  0.8549  at  59°  F.  Older  oil 
is  somewhat  more  thickly  fluid,  of  a  brown  color,  and  specific- 
ally heavier. 

Anise  oil  is  distilled  from  the  seeds  of  the  anise  plant,  Pim- 
pinella  anisum  L.  It  is  colorless  to  pale  yellow,  is  liquid  at  a 
higher  temperature,  but  when  cooled  solidifies  to  a  snow-white 
crystalline  mass.  A  good  quality  of  oil  should  solidify  at  from 
41'*  to  59^  F.,  and  completely  liquefy  agdn  at  42.8°  to  64.4° 
F.  However,  if  the  oil  be  several  times  heated  to  its  boiling- 
point  it  loses  the  capacity  of  crystallizing.  The  specific  gravity 
of  fresh  oil  is  0.98  to  0.995  ;  that  ol  old  oil  1.0285.  Anise  oil 
gives  a  clear  solution  with  5  parts  of  90  per  cent,  alcohol  and 
3.5  times  its  volume  of  petroleum -ether,  a  larger  amount  of 
the  latter  solvent  giving  a  turbid  mixture.  It  shows  a  neutral 
reaction,  but  air  renders  it  resinous,  and  it  then  loses  the  prop- 
erty of  crystallization.  The  odor  of  the  oil  is  anise-like  and 
its  taste  agreeable,  sweetish  and  afterwards  pungent.  It 
should  be  stored  in  a  dark,  cool  place  in  well-stoppered 
bottles,  filled  up  to  the  neck. 
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Star  anise  oil  is  obtained  from  the  fruit  of  a  species  of 
Illicium  indigenous  to  China.  It  is  very  similar' to  the  ordin- 
ary anise  oil,  having  an  anise-like  odor  and  an  intensely 
sweet  taste.  At  59^  F.  its  specific  gravity  is  0.98  to  0.99.  It 
dissolves  to  a  clear  solution  in  three  or  more  parts  of  90  per 
cent,  alcohol. 

Anise  oil  is  adulterated  with  turpentine  oil,  cedar  wood  oil, 
copaiba  and  gurjun  balsam  oil,  spirit,  spermaceti  and  fatty 
oils.  Such  adulteration  can  be  detected  by  the  specific  gravity 
and  solidifying  point.  The  oil  is  also  adulterated  with  the 
fennel-stearoptene,  which  is  detected  by  the  peculiar  odor  when 
heating  the  suspected  sample. 

Basil  oil  is  obtained  by  distilling  with  water  sweet  basil, 
Ocyiium  Basilicum,  L.  It  possesses  an  aromatic  odor  and  on 
standing  separates  prismatic  crystals  of  a  stearoptene.  Its  color 
is  yellowish  and  the  specific  gravity  ranges  between  0.918 
and  0.928. 

Bergamot  oil  is  obtained  from  the  rinds  of  the  Citrus  bergamia^ 
or  bergamot-orange.  It  is  of  a  pale  green  or  yellowish  color, 
becoming,  however,  darker  with  age.  The  specific  gravity 
varies  between  0.866  and  0.888  at  59°  F.  and  the  boiling 
point  between  365°  and  397.5°  F.  It  congeals  at  11°  F.  It  is 
one  of  the  most  changeable  oils  and  soon  acquires  an  odor  of 
turpentine.  It  is  frequently  adulterated  with  alcohol,  being 
very  soluble  in  it.  For  the  detection  of  alcohol  the  following 
method  is  recommended  by  Righini :  Mix  15  parts  of  bergamot 
oil  with  an  equal  quantity  of  olive  oil  or  of  sweet  almond  oil. 
If  alcohol  is  present  in  the  bergamot  oil,  it  separates  immedi- 
ately from  the  fatty  oil  as  though  it  were  water.  If  the  mix- 
ture does  not  separate  it  is  certain  that  the  oil  is  not  adulter- 
ated with  alcohol.  Oil  of  bergamot  is  also  adulterated  with 
turpentine  oil,  orange-peel  oil,  fatty  oils,  eedarwood  oil,  but 
chiefly  with  lemon  oil,  such  sophistications  being  recognized 
by  variations  in  the  specific  gravity.  From  other  oils  of  the 
family  Aurantiaceae  it  differs  by  its  ready  solubility  in  alcohol, 
1  part  oil  in  \  part  alcohol. 
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Bitter  almond  oil. — This  oil  does  not  exist  ready  formed  in 
the  almond,  but  is  a  product  of  the  decomposition  of  the  bitter 
substance — amygdalin — of  which  the  bitter  almond  contains 
5  per  cent.  This  substance  is  a  glucoside  and  is  decomposed 
in  the  presence  of  water  and  of  a  peculiar  albuminoid  ferment 
present  in  the  almond  and  known  as  emuldn,  into  glucose, 
bitter  almond  oil,  and  hydrocyanic  acid.  The  presence  of  the 
latter  renders  the  crude  oil  of  bitter  almonds  extremely  poison- 
ous. It  can  be  freed  from  a  large  portion  of  the  acid  by  shaking 
with  lime,  and  completely  so  by  the  following  process :  Shake 
up  the  oil  with  a  solution  of  iron  and  milk  of  lime,  and  then 
distil  it  over  burnt  lime,  whereby  it  loses  its  original  yel- 
lowish or  yellow  color  and  is  rendered  colorless. 

Bitter  almond  oil  is  obtained  by  submitting  bitter  almond 
cake,  which  is  left  after  the  expression  of  the  fixed  oil  from 
bitter  almonds,  to  distillation  with  water.  The  press-cakes 
from  the  kernels  of  the  apricot  are  also  used  for  the  production 
of  bitter  almond  oil,  the  oil  thus  obtained  being  in  noway  dis- 
tinguishable from  that  from  bitter  almonds. 

In  the  crude  state,  bitter  almond  oil  is  yellowish  to  yellow, 
but  when  rectified  forms  a  colorless,  highly  refractive  liquid 
which  on  exposure  to  the  air  becomes  viscid,  acquires  a  yellow 
color  and,  in  consequence  of  the  absorption  of  oxygen,  sepa- 
rates crystals  of  benzoic  acid.  The  oil  has  a  strong  odor  of 
bitter  almonds  and  an  aromatic,  agreeable,  somewhat  pungent 
taste.  Its  specific  gravity  at  59°  F.  is  1.043  ;  it  boils  at  854** 
F.  It  should  be  stored  in  a  dark  place  in  well  stoppered 
bottles,  filled  to  the  neck. 

Oil  of  bitter  almonds  is  much  adulterated  with  cheaper  oils, 
but  chiefly  with  nitrobenzole,  which  has  an  odor  very  similar 
to  that  of  genuine  oil.  Pure  oil  of  almond  mixed  with  ml- 
pkiiric  add  gives  a  clear  crimson-red  color  without  perceptible 
decomposition  ;  with  an  alcoholic  solution  of  potash  crystals  are 
eliminated.  The  oil  will  take  up  as  much  as  one-third  of  its 
weight  of  iodine^  and  retain  the  same  in  solution.  Potassium 
chromaie  does  not  effect  the  oil.     To  detect  the  presence   of 
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nitrobenzole,  dissolve  1  part  by  weight  of  the  suspected  oil  in 
10  parts  by  weight  of  alcohol ;  compound  the  solution  with 
1.5  parts  by  weight  of  solid  caustic  potash,  and  evaporate  the 
mixture  to  one-third  its  original  volume.  Pure  bitter  almond 
oil  turns  brown,  but  remains  fluid,  while,  if  adulterated  with 
nitrobenzole,  a  brown  resinous  substance  is  formed,  which 
floats  in  the  liquid. 

Artificial  oil  of  bitter  almonds  is  now  extensively  prepared  as 
a  substitute  for  the  genuine  bitter  almond  oil,  and  much  used 
for  scenting  soaps,  especially  the  cheaper  varieties.  It  is 
known  in  trade  as  nitrobenzoley  oil  of  mirbanef  essence  of  mirbane, 
etc.  Although  it  is  not  a  natural  essential  oil,  being  an  arti- 
ficial product,  it  is  considered  best  to  refer  to  it  here  in  con- 
nection with  bitter  almond  oil.  Artificial  oil  of  bitter 
almonds  boils  at  408°  F.,  and  its  specific  gravity  at  S29  F.  is 
1.2. 

Gananga  oil  is  an  inferior  quality  of  ylang-ylang  oil,  and 
will  be  referred  to  when  speaking  of  the  latter. 

Caraway  oil  is  obtained  by  distillation  from  the  seeds  of  the 
common  caraway  plant,  Carum  carui.  The  oil  is  nearly  color- 
less, of  a  very  aromatic  odor  and  acrid  taste;  it  becomes 
yellow-brownish  by  age  and  then  shows  an  acid  reaction.  It 
has  a  specific  gravity  varying  between  0.900  and  0.960  at  59° 
F.,  and  boils  at  from  347^  to  446°  F.  It  shows  but  little  re- 
action with  iodine,  and  gives  an  almost  clear  liquid  with  alco- 
Col  and  sulphuric  acid.  When  pure  it  is  soluble  in  an  equal 
volume  of  90  per  cent,  alcohol ;  otherwise  it  contains  turpen- 
tine oil,  or  does  not  possess  the  full  amount  of  carvol,  the 
compound  contained  in  the  oil  which  imparts  to  it  the  cara- 
way smell. 

Cassia  oil  is  obtained  by  distillation  from  the  buds  and 
barks  of  Cinnamonium  cassia^  a  tree  indigenous  to  China.  It 
is  thickly  fluid,  of  a  golden-yellow  color,  and  has  a  sweet, 
afterwards  burning,  taste.  Its  specific  gravity  ranges  from 
1.055  to  1.065.  Its  fragrance  is  pleasant  and  cinnamon-like, 
but  less  refined  than  that  of  the  genuine  cinnamon  oil,  under 
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which  name  it  is  frequently  brought  into  commerce.  Cassia  oil 
brought  into  trade  from  China  is  said  to  be  frequently  adul- 
terated with  resin  and  petroleum.  Such  an  adulteration  can 
be  readily  detected  by  the  specific  gravity. 

Cedar-wood  oil  is  obtained  by  distillation  with  steam  from 
the  finely  rasped  wood  of  the  Virginia  cedar  (Junipervs  vir- 
giniana  L.)  and  the  waste  obtained  in  the  manufacture  of  lead 
pencils.  At  an  ordinary  temperature  cedar-wood  oil  is  a  white 
crystalline  body  of  the  consistency  of  butter.  The  actual 
essential  oil  separated  by  pressing  is  colorless,  very  limpid, 
and  solidifies  only  at  a  very  low  temperature,  but  readily 
resinifies  on  exposure  to  the  air.  Its  specific  gravity  is  0.9622 
at  59^  F. ;  it  boils  at  519.8o  F.  and  solidifies  at  6°  F.  On 
account  of  its  agreeable  odor  it  is  used  as  a  basis  for  other 
perfumes  for  toilet  soaps. 

Cinnamon-oil  (genuine)  is  obtained  frbn  the  bark  of  the  young 
branches  of  Oinnamonium  zeylanicum,  a  tree  cultivated  in  exten- 
sive plantations  in  Ceylon.  The  oil  is  heavier  than  water,  its 
specific  gravity  being  1.005  to  1.050  at  59°  F.  It  is  of  a  pale- 
yellow  to  red-brown  color,  the  latter  indicating  old  oil,  and 
has  an  agreeable  odor  and  biting,  but  pure  sweet  taste.  It 
remains  liquid  at — 13°  F.  It  gives  a  clear  solution  with  3 
parts  of  70  per  cent,  alcohol.  Cinnamon  oil  is  frequently 
adulterated  with  inferior  qualities  of  cinnamon  oil,  such  as 
cinnamon  leaf  oil,  especially  with  cassia  oil,  further  with  alco- 
hol, chloroform,  oil  of  cloves,  etc.  A  test  for  the  purity  of 
cinnamon  oil  is  as  follows :  1.  Cinnamon  oil,  when  allowed  to 
fall  drop  by  drop  into  cold  water,  should  sink.  2.  When 
placed  upon  the  tongue  it  should  immediately  produce  a  taste 
of  intense  sweetness,  exceeding  the  sweetness  of  sugar. 

OUionella  oil  is  obtained  by  distillation  from  Andropogon 
Nardus  L.  a  grass  grown  in  Southern  Ceylon  and  Malacca,  as 
well  as  in  India.  The  oil  is  limpid,  greenish  yellow  to  brown, 
and  has  an  agreeable  odor  which,  however,  comes  out  in  its 
entire  purity  only  when  the  oil  is  much  diluted.  The  specific 
gravity  of  the  oil  ranges  from  0.893  to  0.897  at  60°  F.     It 
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boils  at  415.4°  to  426.2°  F.  Pure  citronella  oil  dissolves 
clear  in  10  parts  of  80  per  cent,  alcohol,  and  at  59°  F.  its 
specific  gravity  should  not  be  below  0.895.  It  is  frequently 
adulterated  with  fat  oils  as  well  as  with  petroleum.  Such 
adulterations  can  be  readily  detected  by  the  above-mentioned 
alcohol  test  which  can  be  most  suitably  applied  by  means  of 
graduated  measure.  The  specific  gravity  of  80  per  cent  alco- 
hol is  0.8645.  If  the  sample  is  adulterated  with  fixed  oil  or 
petroleum,  the  mixture  becomes  cloudy,  and  drops  of  the 
adulterant  are  either  precipitated  or  rise  to  the  surface  after 
the  mixture  has  been  allowed  to  stand  for  12  hours. 
•  Cloves,  oil  of. — Every  part  of  the  clove-tree,  Caryophyllus 
aromaticuSy  abounds  with  aromatic  oil,  but  it  is  most  fragrant 
and  plentiful  in  the  unexpanded  flower-buds  which  are  the 
cloves  of  commerce.  They  are  soaked  for  some  time  in  salt 
water  and  then  submitted  to  distillation.  The  oil,  when  fresh, 
is  almost  colorless,  but  on  exposure  to  the  air  acquires  a 
brownish  color  and  a  thickly-fluid  consistency.  It  has  the 
aromatic  taste  and  odor  of  cloves.  Its  specific  gravity  ranges 
from  1.045  and  1.070  at  50°  F.;  it  boils  at  482^  F.  It  is  solu- 
ble in  2  parts  of  70  per  cent,  alcohol.  It  is  frequently  adult- 
erated with  inferior  oils.  Such  sophistication  is  detected  by  the 
specific  gravity  being  lowered. 

Eucalyptus  oil  is  obtained  from  the  leaves  of  various  species 
of  Eucalyptus.  The  oil  obtained  by  distillation  from  the  leaves 
of  Eucalyptus  globulus  indigenous  to  Tasmania,  but  also  much 
grown  in  southwestern  Europe,  is  limpid,  almost  colorless 
and  possesses  a  camphor-like  odor.  Its  specific  gravity  ranges 
from  0.91  to  0.93  at  59^  F. 

Fennel-oil  is  derived  by  distillation  from  the  seeds  of  the 
sweet  fennel,  Foeniculum  dulce.  When  pure  the  oil  is  colorless, 
has  a  hot,  pungent  taste,  and  the  odor  of  the  plant.  Its  spe- 
cific gravity  is  0.965  to  0.975  at  59  ^^  F.;  it  boils  at  from  365** 
to  374°  F.  and  congeals  at  from  89^  to  64.5  F.  It  is  soluble 
in  an  equal  volume  of  90  per  cent,  alcohol  and  in  5  to  8  vol- 
umes of  80  per  cent,  alcohol.     It  is  rarely  adulterated,  but 
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frequently  deprived  by  fractionating  or  by  freezing  of  part  of 
its  anetbol  of  which  it  contains  50  to  60  per  cent. 

Oeranium  oil — The  various  oils  of  geranium  known  as 
African,  Spanish,  French  and  Reunion,  are  obtained  from  the 
leaves  of  several  species  of  Pelargonium  by  distillation  with 
water.  There  is  but  little  or  no  diflFerence  in  the  properties  of 
the  various  kinds  of  oil  found  in  the  market.  Geranium  oil 
is  colorless,  or  greenish  or  brownish  and  smells  very  much  like 
attar  of  roses,  it  being,  for  this  reason,  very  frequently  used 
for  adulterating  rose  oil.  The  specific  gravity  of  French  oil 
is  0.897  to  0.95 ;  that  of  African  oil  0.892  to  0.90 ;  that  of 
Reunion  oil  0.889  to  0.895 ;  and  that  of  Spanish  oil  0.897. 
The  three  first  mentioned  oils  form  a  clear  solution  with  2  to 
3  parts  of  70  per  cent,  alcohol.  With  Spanish  oil  the  solution 
in  one  or  more  parts  of  70  per  cent,  alcohol  is  generally 
cloudy  through  the  presence  of  minute  crystals  of  paraffin 
which,  on  continued  standing,  collect  on  the  surface.  The 
separation  of  drops  of  oil  at  the  bottom  of  the  vessel  in  the 
Spanish  oil  would  denote  adulteration  with  fatty  oils. 

Geranium  oil  is  frequently  adulterated  by  grass  oils,  further 
by  copaiba  oil,  fatty  oils  and  cocoanut  oil.  To  detect  such 
additions  shake  5  drops  of  the  oil  with  5  cubic  centimeters  of 
70  per  cent,  alcohol,  whereby  pure  geranium  oil  should  be  dis- 
solved. Furthermore  grass  oil  is  colored  brown  by  iodine, 
while  geranium  oil  is  not. 

Juniper  oil  is  obtained  by  distillation  from  the  juniper 
berry,  the  fruit  of  Juniperua  communis  L.  Pure  juniper  oil  is 
colorless,  thinly-fluid,  with  a  sweetish  turpentine-like  odor  and 
taste.  It  has  a  specific  gravity  of  0.865  to  0.885,  boils  at  302^ 
to  359®  F.,  and  the  larger  portion  of  it  congeals  on  exposure  to 
a  low  temperature.  It  is  soluble  in  all  proportions  in  glacial 
acetic  acid.  It  is  frequently  adulterated  with  turpentine  oil, 
which  is.  however,  readily  detected  by  the  lessened  density  and 
solubility  in  alcohol. 

Lavender  oil — The  genuine  lavender  oil  is  distilled  from  the 
flowers  of  Lavandula  officinalis  Chaia ;  that  produced  in  Eng- 
29 
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land  possesses  the  finest  fragrance.  When  freshly  prepared  it 
is  a  colorless  liquid,  which  becomes  yellow  on  standing.  It 
has  a  hot,  camphorous,  slightly  bitter  taste,  and  the  odor  of  lav- 
ender. It  has  an  acid  reaction,  a  specific  gravity  of  0.885  to 
0.895  at  59^  F.,  and  begins  to  boil  at  365°  F.,  the  tempera- 
ture quickly  rising  to  374*^  F.,  and  the  greater  portion  distilling 
over  between  383°  and  419°  F.  It  is  frequently  adulterated, 
chiefly  with  alcohol,  but  occasionally  with  oil  of  bergamot. 
The  pure  oil  fulminates  quickly  and  violently  with  iodine, 
and  sulphuric  acid  turns  it  reddish-brown,  the  reaction  being 
accompanied  by  strong  thickening.  An  admixture  of  alcohol 
is  readily  detected  by  treatment  with  a  small  quantity  of 
tannin.  If  the  latter  is  not  altered,  the  oil  contains  no  alco- 
hol ;  if,  however,  it  becomes  viscid  and  sticky,  it  is  adulterated. 
Adulteration  with  oil  of  turpentine  is  detected  by  treatment 
with  strong  alcohol.  For  the  complete  solution  of  1  part  of 
oil  of  lavender  5  parts  of  90  per  cent,  alcohol  are  required  ;  if, 
however,  the  oil  contains  turpentine,  the  fluid  is  turbid. 

Another  kind  of  oil  of  lavender,  known  as  foreign  oil  of  lav- 
ender, to  distinguish  it  from  the  English  oil,  or  as  spike  oily  is 
chiefly  obtained  by  distillation  from  Lavandula  spica  and  L. 
atoechaSy  or  Alpine  lavenders.  This  oil,  though  very  good  in 
itself,  cannot  compare  with  fine  genuine  English  oil,  and 
brings  only  about  one-tenth  of  its  price.  It  has  a  dark  green 
color  and  slight  lavender  odor ;  it  has  an  acid  reaction,  a  spe- 
cific gravity  of  0.9081  at  59°  F.,  and  begins  to  boil  at  from 
338°  to  347°  F. 

Lemon  oil  is  obtained  by  various  processes  from  the  fresh 
peel  of  the  fruit  of  the  Citrus  lemomun  Risso.  When  pure  it 
is  almost  colorless  or  bright  yellow,  very  mobile,  and  has  the 
odor  of  the  fruit.  Its  specific  gravity  ranges  from  0.8752  to 
0.8785 ;  it  boils  at  148°  F.,  and  is  miscible  in  all  proportions 
with  absolute  alcohol  and  glacial  acetic  acid.  It  is  frequently 
adulterated  with  turpentine.  This  may  be  detected  by  slowly 
heating  the  oil  in  a  dry  test-tube  with  a  small  piece  of  copper 
butyrate  to  about  338^  F.,  taking  care  that  the  temperature 
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does  not  exceed  356^  F.  The  copper  salt  will  dissolve  in  pure 
oil  of  lemon  with  a  green  color,  while  in  the  presence  of  oil  of 
turpentine  a  yellow  turbid  mixture  is  obtained,  reddish-yellow 
cuprous  oxide  being  separated.  This  test  is  also  applicable  to 
oils  of  bergamot  and  orange-peel.  Adulteration  with  turpen- 
tine may  also  be  detected  by  rubbing  a  few  drops  of  the  sus- 
pected sample  of  lemon  oil  between  the  hand,  when  the  tur- 
pentine can  be  distinctly  smelled. 

By  exposure  to  air  and  light  lemon  oil  quickly  deteriorates, 
it  loses  its  color,  and  a  thick  brown  sediment  separates  out,  the 
specific  gravity  rises,  and  the  solubility  of  the  oil  in  90  per 
cent,  alcohol  increases.  The  oil  should  therefore  be  stored  in 
well-stoppered  bottles  filled  up  to  the  neck,  in  a  cool,  dark 
place. 

Lemonrgrass  oil  is  obtained  by  distillation  from  Andropogon 
cUraiuSy  a  hard,  coarse  grass  indigenous  to  the  islands  west  of 
the  East  Indies.  The  oil  is  rather  viscid,  has  a  greenish  to 
brownish  color,  and  a  balm  or  lemon-like  odor.  Its  specific 
gravity  is  0.899  to  0.903.  It  dissolves  with  ease  in  alcohol, 
even  when  diluted,  as  it  gives  a  clear  solution  with  two  or  more 
parts  of  70  per  cent,  alcohol. 

Lemon-grass  oil  is  adulterated  with  fatty  oils,  for  instance, 
castor  oil,  and  also  turpentine.  Adulteration  with  castor  oil 
or  other  fatty  oils  is  indicated  by  incomplete  solution  in  70  per 
cent,  alcohol ;  the  presence  of  turpentine  is  best  recognized  by 
the  smell. 

Linaloe  oil — This  name  is  used  to  designate  oils  from  the 
woods  of  entirely  different  trees,  namely,  a  tree  indigenous  to 
French  Guiana,  named  by  the  natives  Likari,  and  one  in  Mex- 
ico, Bursera  Delpechiana  Pois.  The  Mexican  oil  is  a  limpid,  col- 
orless liquid  of  an  agreeable  odor  reminding  one  of  lemon  oil, 
so  that  the  mixture  of  the  oil  with  a  little  rose  oil  may  pass  as 
an  excellent  imitation  of  the  oil  from  citrus  flowers.  The  oil 
is  quite  constant  in  the  air.  Its  specific  gravity  ranges  from 
0.870  to  0.880.  It  gives  a  clear  solution  with  two  or  more 
parts  of  70  per  cent,  alcohol.     The  oil  is  frequently  adulter- 
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ated  with  fatty  oils,  which  can  be  detected  by  their  insolu- 
bility in  70  per  cent,  alcohol  and  by  the  raising  of  the  specific 
gravity. 

Marjoram  oil  is  produced  by  distilling  the  flowery  tops  of  the 
sweet  marjoram,  Origanum  rriarjorana.  When  freshly  prepared 
it  is  yellowish)  but  becomes  brown  by  age.  It  has  a  pungent 
smell  and  a  hot,  peppery  and  slightly  bitter  taste.  Its  specific 
gravity  is  0.89  to  0.911 ;  when  distilled  it  begins  to  boil  at 
365°  F.,  but  the  temperature  rises  rapidly  to  392*^  F.,  and  re- 
mains constant  at  between  419°  and  428°  F.,  a  resinous  mass 
being  left  in  the  retort.  The  oil  gives  a  clear  solution  with  an 
equal  volume  of  90  per  cent,  alcohol. 

Orange  oil  or  orange-peel  oil  is  obtained  from  the  peels  of  the 
sweet  and  bitter  orange  in  a  manner  similar  to  that  of  lemon 
oil.  The  oil  obtained  from  the  peel  of  the  bitter  orange,  the 
fruit  of  Citrus  bigoflrdia  Duhamel,  is  chiefly  used  in  the  manu- 
facture of  liqueurs,  whilst  for  perfumery  purposes  the  oil  from 
the  peel  of  the  sweet  orange,  the  fruit  of  Oitrus  aurarUium 
Risso,  is,  as  a  rule,  employed.  Sweet  orange  oil  has  a  golden 
yellow  to  dark  yellow,  almost  brown  color.  When  rectified  it 
is  almost  colorless,  but  does  not  remain  so  long.  It  has  a  re- 
freshing orange  smell  and  a  mild,  aromatic  taste.  Its  specific 
gravity  ranges  from  0.848  to  0.852  ;  it  boils  at  about  302°  F. 
It  is  frequently  adulterated  with  both  alcohol  and  inferior  oil 
of  other  species  of  citrus.  The  latter  sophistication  may  be  de- 
tected by  the  diflerent  behavior  of  the  oils  toward  alcohol. 
Genuine  orange  oil  dissolves  only  by  repeated  shaking  with 
12  parts  of  its  quantity  of  alcohol,  while  inferior  citrus  oils  re- 
quire only  6  parts.  If,  therefore,  7  to  9  parts  of  alcohol  are 
required  for  the  solution  of  the  suspected  oil,  adulteration  is 
proved. 

Orange  flower  oil  is  obtained  by  subjecting  the  freshly-gath- 
ered flowers  of  the  bitter  orange  to  distillation,  whilst  the 
flowers  of  the  sweet  orange  yield  an  oil  not  nearly  so  fine, 
which  is  known  as  oil  of  neroli.  Freshly  prepared  orange 
flower  oil  is  almost  colorless,  but  on  exposure  to  light  turns 
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brown-red.  It  has  a  very  agreeable  odor  of  orange  blossoms 
and  an  aromatic,  slightly  bitterish  taste.  The  specific  gravity 
of  the  genuine  oil  is  0.885  to  0.887.  It  has  a  neutral  reaction, 
and  is  very  sparingly  soluble  in  water,  but  even  the  smallest 
possible  quantity  dissolved  suffices  to  impart  to  the  water  the 
agreeable  odor  of  the  oil.  In  alcohol  it  is  readily  soluble. 
By  mixing  the  clear  alcoholic  solution  with  an  excess  of  90 
per  cent,  alcohol,  the  mixture  becomes  turbid  and  after  stand- 
ing for  some  time  a  stearoptene  is  separated.  On  account  of 
its  high  price  orange  flower  oil  is  frequently  adulterated,  the 
most  insidious  adulterants  being  bergamot  oil  and  petit-grain 
oil.  The  presence  of  small  quantities  of  these  oils  cannot  be 
proved,  but  large  additions  raise  the  specific  gravity. 

Palmarom  oil^  also  known  as  Indian  verbena  oil  and  Indian  or 
Twrldsh  geranium  oil,  is  obtained  from  Andropogon  Schxenan- 
thus  L.  It  is  colorless  to  bright  yellow  and  has  an  agreeable 
aromatic  odor,  reminding  one  somewhat  of  rose  oil,  but  by  no 
means  so  strong.  It  has  a  pungent  but  agreeable  lemon-like 
taste.  Its  specific  gravity  ranges  from  0.888  to  0.896.  It  dis- 
solves to  a  clear  solution  in  three  or  more  parts  of  70  per  cent, 
alcohol.  It  is  frequently  adulterated  with  castor  oil  and  tur- 
pentine, and  the  Indian  product  generally  with  turpentine  as 
well  as  with  alcohol  and  fixed  oils.  Such  adulterations  can 
be  detected  by  the  oil  being  insoluble  in  70  per  cent,  alcohol. 

Patchouli  oil  is  obtained  from  the  leaves  of  the  patchouli 
plant,  Pogestemon  patchouli  Pellet,  which  is  chiefly  cultivated 
in  the  Strait  settlements.  The  oil  is  produced  by  submitting 
the  leaves  to  distillation,  they  having  been  previously  dried  in 
the  shade  on  bamboo  racks.  Patchouli  oil  is  a  yellowish  green 
to  olive-brown,  very  thick  liquid  from  which,  upon  standing, 
crystals  sometimes  separate  out.  The  odor  of  the  oil  is  pene- 
trating, somewhat  musty  and,  in  an  undiluted  state,  disagree- 
able, it  becoming  agreeable  only  with  sufficient  dilution,  or 
when  mixed  with  other  odoriferous  substances.  The  specific 
gravity  of  the  pure  oil  ranges  between  0.97  and  0.99.  It  dis- 
solves completely  in  an  equal  volume  of  90  per  cent,  alcohol. 
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So  far  as  known,  patchouli  oil  is  chiefly  adulterated  with  cedar- 
wood  oil,  which  can  be  detected  by  a  clear  solution  not  being 
obtained  with  an  equal  volume  of  90  per  cent,  alcohol. 

Peppermi/nt  oil  is  obtained  from  the  herb  Mentha  piperita  L. 
and  some  lower  species.  In  commerce  are  found  German, 
English,  American  and  Japanese  peppermint  oils.  For  per- 
fumery purposes  the  American  and  German  oils  are  as  suitable 
as  the  English  oil,  which  is  considered  a  superior  product 
possessing  a  very  fine,  pure  taste  and  is  chiefly  in  demand  by 
the  manufacturers  of  liqueurs.  The  Japanese  oil  has  a  pe- 
culiar, rather  greasy  smell  and  taste,  and  is  not  much  sought 
after. 

Crude  peppermint  oil  is  of  a  greenish  to  yellow  color  and 
contains  slimy  substances.  When  rectified  by  repeated  distil- 
lation with  water  it  is  colorless,  limpid,  has  a  penetrating  odor 
of  peppermint  and  a  pungent  taste,  imparting  at  the  same  time 
a  sensation  of  coldness  to  the  tongue  and  palate.  Old  oil,  as 
well  as  Japanese  oil,  has  a  disagreeable  taste.  In  Japan  enor- 
mous quantities  of  peppermint  oil  are  produced,  but  on  account 
of  this  disagreeable  bitter  taste  the  oil  is  only  suitable  for  per- 
fuming soaps  and  the  production  of  cheap  toilet  articles.  It 
is  also  used  for  obtaining  menthol.  It  is  brought  into  com- 
merce as  **  separated  "  or  **  unseparated  "  oil  or  in  crystals,  i.  e., 
either  only  the  liquid  portion  of  the  oil  is  sold,  or  only  the 
solid  portion,  or  a  mixture  of  both,  the  latter  containing  from 
30  to  50  per  cent,  menthol  crystals. 

The  various  peppermint  oils  do  not  show  any  great  difler- 
ence  in  respect  to  specific  gravity,  but  the  variation  is  never- 
theless sufficiently  wide  to  render  this  property  indicative  of 
the  origin  of  the  oil.  The  specific  gravity  of  American  oil  is 
generally  0.910  to  0.920,  of  English  oil  0.900  to  0.910,  and  of 
normal  Japanese  oil  0.895  to  0.900,  while  that  of  the  liquid  oil 
remaining  from  the  production  of  menthol  is  0.895  to  0.905. 

With  3  to  5  times  its  volume  of  70  per  cent,  alcohol  at  68** 
F.,  English  peppermint  oil  gives  a  clear  solution.  If  more 
alcohol  be  added,  the  solution  generally  remains  clear,  but 
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sometimes  begins  to  show  slight  opalescence  which,  however 
should  not  reach  the  point  at  which  oil  drops  begin  to  separate. 
The  solubility  of  Japanese  oil,  from  which  menthol  has  been 
extracted  is,  as  a  rule,  the  same  as  with  English  oil,  but  often 
somewhat  slighter.  American  oil  is  never  quite  soluble  in  70 
per  cent,  alcohol,  but  always  leaves  a  certain  proportion  of 
insoluble  parts  which  separate  from  the  rest  as  a  layer  upon 
the  surface.  Even  in  90  per  cent,  alcohol  American  oil  is  not 
always  soluble  in  all  proportions.  To  attain  perfect  solu- 
bility at  68^  F.,  J  part  by  volume  of  alcohol  is  generally  re- 
quired. 

When  5  drops  of  American  or  English  peppermint  oil  are 
mixed  with  1  cubic  centimeter  of  glacial  acetic  acid,  a  blue 
color  begins  to  show  itself  after  a  few  hours.  This  gradually 
acquires  greater  intensity,  the  maximum  being  reached  in 
about  24  hours.  At  that  time  American  oil  shows  a  very 
deep  blue  color  with  magnificent  copper-colored  fluorescence. 
In  the  case  of  English  oil  the  coloration  is  much  weaker,  often 
only  reaching  a  pale  blue  color  with  faintly  reddish  fluor- 
escence. Japanese  oil  alone  does  not  give  these  reactions,  the 
mixture  remaining  quite  colorless. 

Gentle  heat  or  immersion  of  the  test-tube  in  boiling  water 
considerably  accelerates  the  reaction.  When  this  is  done, 
however,  a  much  less  pure  blue  color  is  obtained,  the  tint  in 
that  case  being  more  violet.  Free  access  of  air  is  absolutely 
necessary  for  the  success  of  the  reaction.  If  air  is  carefully 
excluded  no  coloration  occurs  even  with  American  oil,  after 
several  days. 

Peppermint  oil  is  most  frequently  adulterated  with  turpen- 
tine which  can  be  detected  by  the  oil  not  being  perfectly  solu- 
ble in  90  per  cent,  alcohol. 

Petit  grain  oil  is  obtained  by  distilling  the  unripe  fruits, 
flowers,  leaves,  young  shoots,  etc.,  of  different  species  of  citrus, 
the  best  quality  of  oil  being  produced  from  the  leaves  of  the 
bitter  orange.  The  smell  of  petit-grain  oil,  while  resembling 
that  of  orange  flowers,  is  by  no  means  so  fine.     Its  color  is 
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yellowish,  and  its  taste  similar  to  that  of  orange  peel  oil  and 
quite  mild.  Its  specific  gravity  ranges  between  0.887  and 
0.900.  It  gives  a  clear  solution  with  2  parts  80  per  cent,  al- 
cohol. It  is  adulterated  with  orange  oil,  lemon  oil  and  tur- 
pentine, such  adulterations  being  detected  by  the  lowering  of 
the  specific  gravity. 

Rose  oil, — This  precious  oil  is  obtained  from  various  species 
of  roses.  The  principal  commercial  source  of  rose  oil  is  a 
circumscribed  patch  of  ancient  Thrace  or  modern  Bulgaria, 
where  the  variety  used  for  distilling  purposes  is  the  so-called 
Thracian  rose,  a  plant  of  exceedingly  rapid  growth.  The* 
average  quantity  of  product  is  estimated  by  Baur  at  0.037  to 
0.040  per  cent. ;  another  authority  says  that  3200  pounds  of 
roses  give  1  pound  of  oil. 

Pure  rose  oil,  carefully  distilled,  is  at  first  colorless  but 
quickly  becomes  yellowish  ;  its  specific  gravity  is  0.870  at 
72.5°  F.,  its  boiling  point  is  444°  F.,  it  solidifies  at  52°  to  61° 
F.,  or  still  higher,  it  is  soluble  in  absolute  alcohol  and  in 
acetic  acid.  The  most  usual  and  reliable  tests  of  the  quality 
of  rose  oil  are  :  1,  its  odor ;  2,  its  congealing  point ;  and  3,  its 
crystallization.  The  odor  can  be  judged  only  after  long  ex- 
perience. That  of  the  concentrated  oil  is  intense,  penetrating 
and  diffusive,  and  to  most  persons  unpleasant,  the  fine  agree- 
able odor  being  only  brought  out  by  dilution.  A  good  oil 
should  congeal  in  five  minutes  at  a  temperature  of  54.5°  F., 
fraudulent  additions  lowering  the  congealing  point.  The 
crystals  of  rose-stearoptene  are  light,  feathery,  shining  plates, 
and  fill  the  whole  liquid. 

It  is  evident  that  such  a  valuable  oil  as  rose  oil  is  very 
much  exposed  to  adulteration.  Indeed,  it  is  said  that  only 
adulterated  oil  reaches  the  market,  the  sophistication,  chiefiy 
with  geranium  and  ginger-grass  oils,  taking  place  at  the  home 
of  the  oil.  The  general  characters  of  these  oils  are  so  similar 
to  those  of  rose  oil,  even  the  odor  bearing  a  distant  resem- 
blance, that  detection  is  very  difficult.  Greiner  recommends 
the  following  as  a  reliable  test :     Put  one  drop  of  the  suspected 
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oil  in  a  dry  test-tube  and  add  four  drops  of  concentrated  sul- 
phuric acid.  A  perceptible  rise  in  the  temperature  takes 
place,  and  the  mixture  must  be  allowed  to  stand  until  it 
becomes  cool.  Two  grammes  of  absolute  alcohol  are  then  to 
be  added  and  the  mixture  well  shaken.  With  pure  oil  the 
mixture  will  be  slightly  opalescent,  and,  on  heating,  will  turn 
yellowish  brown,  the  color  remaining  on  cooling  the  solution. 
In  the  presence  of  ginger-grass  or  geranium  oil,  the  solution 
will  be  turbid  and  an  insoluble  precipitate  soon  forms.  Pure 
rose  oil  retains  its  characteristic  odor  when  subjected  to  this 
test,  but  the  mixture  with  the  other  oils  evolves  unpleasant 
odors. 

When  fatty  oils,  such  as  sesame,  almond,  etc.,  are  used  as 
adulterants,  the  usual  test,  made  by  placing  a  drop  on  white 
paper  and  heating  over  an  alcohol  flame,  shows  their  presence 
in  the  greasy  stain  which  remains.  Pure  rose  oil  is  entirely 
volatile. 

The  presence  of  spermaceti,  which  is  usually  used  for  arti- 
ficially heightening  the  apparent  proportion  of  stearoptene,  is 
easily  recognizable  from  its  liability  to  settle  down  in  a  solid 
cake,  and  from  its  melting  at  122^  F.,  whereas  the  stearoptene 
fuses  at  81.5°  F. 

Rosemary  oil  is  obtained  by  distillation  from  the  rosemary, 
Rosmarinus  officinalis.  It  is  colorless  to  pale  green,  very  limpid, 
and  of  a  more  aromatic  than  sweet  odor  characteristic  of  the 
plant.  Its  speci6c  gravity  is  0.90  to  0.915  at  59®  F. ;  it  boils 
at  from  331°  to  334°  F.,  and  congeals  at  from  81°  to  86°  F. 
It  is  frequently  adulterated  with  turpentine ;  the  sophistica- 
tion can  only  be  detected  by  the  difference  of  solubility  in  al- 
cohol. Pure  rosemary  oil  dissolves  in  an  equal  volume  of  90 
per  cent,  alcohol,  while  oil  adulterated  with  turpentine  re- 
quires a  far  greater  quantity  for  complete  solution. 

Sassafras  oil  is  obtained  by  distillation  from  the  wood,  bark 
and  root  of  the  sassafras  laurel,  indigenous  to  the  southern 
parts  of  North  America.  The  oil,  when  first  distilled,  is  color- 
less or  pale  yellow,  but  it  becomes  reddish  with  age.     Its  taste 
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is  pungent  and  aromatic,  being  agreeable  to  most  persons.  Its 
specific  gravity  ranges  from  1.07  to  1.09,  increasing  somewhat 
by  age.  It  is  readily  soluble  in  alcohol,  ether,  chloroform, 
and  miscible  with  other  fixed  and  volatile  oils.  The  crude  oil 
is  composed  of  about  90  percent,  saffrol  held  in  solution  by  10 
per  cent,  of  saffrene. 

Sassafras  oil,  according  to  Gildermeister  and  Hoffman,  is 
very  frequently  adulterated  with  camphor  oil.  As  all  the  con- 
stituents of  sassafras  oil  are  contained  in  camphor  oil,  its  de- 
tection is  very  diflBcult,  and  it  can  only  be  done  with  certainty 
when  the  physical  properties,  especially  the  specific  gravity, 
show  marked  variations.  Fractions  of  camphor  oil  of  a  spe- 
cific gravity  corresponding  to  that  of  sassafras  oil  are  sold  as 
artificial  sassafras  oil. 

Thyme  oil  is  obtained  by  distillation  from  the  flowering  herb 
Thymus  vulgaris  L.,  a  plant  indigenous  to  Southern  Europe, 
and  elsewhere  largely  cultivated  in  gardens.  In  a  crude  state 
the  oil  is  greenish  yellow  to  red,  when  rectified,  colorless,  but 
becomes  yellow  to  brown-red  by  standing.  Its  odor  is  strong 
and  agreeable  like  that  of  the  plant,  and  its  taste,  as  a  rule 
camphor-like,  cooling  and  somewhat  pungent.  Its  specific 
gravity  ranges  from  0.87  to  0.904  at  59°  F.,  the  oil  from  fresh 
thyme  possessing  a  higher  specific  gravity  than  that  from  the 
dried  herb.  Thyme  oil  is  soluble  in  half  its  volume  of  90  per 
cent,  alcohol  and  1  to  2  parts  of  80  per  cent,  alcohol,  but  gen- 
erally 15  to  30  parts  of  70  per  cent,  alcohol  are  required  for  a 
clear  solution.  The  constituent  on  which  the  value  of  thyme 
oil  depends  is  thymol,  the  withdrawal  of  which  constitutes  the 
principal  sophistication  of  the  oil.  It  is  also  adulterated  with 
turpentine  as  well  as  with  petroleum. 

Vetiver  oil  is  obtained  from  the  rhizome  of  Andropogon  murir 
catus  Retz.  The  oil  is  obtained  by  distillation  either  from  the 
fresh  root  in  India,  but  chiefly  in  England  and  Germany  from 
the  dried  root  known  as  cvs-cus.  It  is  viscid,  of  a  red-brown 
color  and  has  an  intense  odor  very  much  like  that  of  orris  oil. 
At  59°  F.  it  is  heavier  than  water,  but  lighter  at  a  higher  tern- 
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perature.  It  is  chiefly  adulterated  with  fatty  oils,  which  can 
be  detected  by  the  solubility  in  alcohol ;  with  2  parts  of  80 
per  cent,  alcohol  the  oil  should  give  a  clear  solution. 

Winterffreen  oil  is  obtained  by  distillation  from  the  herb 
Gaultheria  procumbens  L.,  a  plant  common  to  North  America. 
An  oil  said  to  be  identical  with  the  ordinary  wintergreen  oil 
is  also  obtained  from  the  leaves  of  OauUheria  punctata  and  O. 
leucocarpay  which  grow  especially  on  4he  summits  of  extinct 
volcanoes  in  Java.  Wintergreen  oil  is  a  thick,  yellowish  or 
reddish  liquid  with  a  penetrating,  stupefying  odor  which,  how- 
ever, becomes  agreeable  with  sufficient  dilution ;  its  taste  is 
sweet  and  at  the  same  time  warm  aromatic.  It  is  almost  in- 
soluble in  water,  but  imparts  to  it  its  peculiar  odor  and  taste ; 
it  dissolved  readily  in  alcohol,  ether,  chloroform,  etc.  Its 
specific  gravity  is  1.18  at  59®  F. 

An  oil  very  similar  to  wintergreen  oil  and  frequently  sold 
as  such  is  obtained  by  distillation  with  water  from  Behila 
lerUa^  an  American  species  of  birch.  Its  differs  somewhat  in 
smell  from  genuine  wintergreen  oil.  but  cannot  be  dis- 
tinguished from  methyl  salicylcUe  or  artificial  mrUergreen  oiL 
The  latter  has  for  a  number  of  years  been  brought  into  com- 
merce and  is  largely  used  for  perfuming  purposes.  It  is  a 
colorless  liquid,  possessing  the  odor  of  the  natural  oil  and  a 
specific  gravity  of  1.176.  On  shaking  a  few  drops  of  the  arti- 
ficial product  with  water,  the  oil  becomes  turbid  while 
natural  oil  immediately  separates  clear. 

Ylang-ylang  oil  is  obtained  by  distilling  the  flowers  of 
Canaviga  odorata.  Hooker,  which  grows  in  the  Philippines,  the 
Straits  of  Malacca  and  the  Indian  Archipelago,  and  is  largely 
cultivated  in  South  Asia.  The  oil  which  is  chiefly  brought 
into  commerce  from  Manila,  is  colorless  or  slightly  yellowish 
and  possesses  an  exquisite  odor,  somewhat  partaking  of  the 
jasmine  and  the  lilac.  Its  specific  gravity  is  0.980  at  59®  F. 
It  is  soluble  with  difficulty  in  alcohol ;  with  one  half  to  two 
volumes  of  90  per  cent,  alcohol  it  generally  gives  a  clear  solu- 
tion which,  on  the  further  addition   of  alcohol,   as  a  rule^ 
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becomes  turbid.     With  chloride  of  iron  an  alcoholic  solution 
of  the  oil  gives  a  violet  coloration. 

An  inferior  quality  of  ylang-ylang  oil  is  known  as  Qmanga 
oil.  It  is  derived  from  the  same  plant,  the  difference  in 
quality  being  due  to  less  care  in  the  preparation.  Cananga 
oil  does  not  completely  dissolve  in  90  per  cent,  alcohol,  1^  to 
2  volumes  of  95  per  cent,  alcohol  being  generally  required  for 
solution.  On  further  addition  of  alcohol  the  solution  becomes 
turbid,  but  from  the  resulting  opalescent  liquid  no  drops 
separate  out  even  on  long  standing. 

Resviis  and  balsams. — The  term  redns  is  applied  to  certain 
organic  substances  which  are  closely  related  to  volatile  oils,  in 
so  far  as  many  of  them  are  formed  from  the  latter  by 
oxidation.  In  nature  most  resins  also  occur  mixed  with 
essential  oils. 

The  resins  are  generally  divided  into  hard  redns,  soft  resins 
or  balsams^  and  gum  resins.  The  hard  resins  are,  at  the  ordi- 
nary temperature,  solid,  hard  and  brittle,  can  be  readily  pul- 
verized, and  contain  little  or  no  volatile  oil.  The  soft  resins 
or  balsams  are  kneadable,  and  sometimes  even  semi-liquid ; 
they  represent  solutions  of  resins  in  essential  oils,  or  a  mixture 
of  essential  oil  and  resin.  On  exposure  to  the  air  they  are 
gradually  changed  by  the  essential  oil  suffering  oxidation,  they 
becoming  more  or  less  hard,  and  may  be  converted  into  actual 
resins.  The  gum  resins  are  mixtures  of  vegetable  gum,  resin 
and  essential  oils,  and  are  obtained  by  inspissation  of  the  milky 
juice  of  several  plants.  When  triturated  with  water,  they 
yield  a  milky,  turbid  fluid,  and  dissolve  only  partially  iu 
alcohol. 

Of  the  hard  resins,  benzoin  alone  is  used  in  perfumery  ;  of 
the  balsams,  Peru  balsam,  tolu  balsam  and  storax  ;  and  of  the 
gum  resins,  myrrh  and  opoponax. 

Benzoin  is  obtained  from  Styrax  benzoin  Dryand,  a  tree  which 
grows  in  Java,  Sumatra  and  Siam.  According  to  the  appear- 
ance of  the  product  three  varieties  are  distinguished  :  Benzoin 
in  tears,  benzoin  in  almonds,  and  block  benzoin.     The  benzoin 
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in  tears  forms  loose,  smoothly  termiDated,  longish  masses  of  a 
homogeneous  appearance,  of  an  opalescent  luster,  and  at  first 
of  a  whitish,  and  later  on  of  a  yellowish,  reddish  or  brownish 
color.  The  separate  pieces  are  up  to  3  millimeters  in  diam- 
eter, though  the  Siam  benzoin  in  tears  frequently  consists  of 
still  larger  and  generally  decidedly  flattened  pieces. 

Benzoin  in  almonds  consists  chiefly  of  white  pieces,  becoming 
later  on  brownish  ;  they  have  a  waxy  luster  and  are  imbedded 
in  a  lustrous  brown-red  resinous  mass.  Block  or  ordinary  ben- 
zoin  has  also  an  amygdaloid  structure,  but  is  not  so  rich  in 
almonds  as  the  preceding  variety,  and  possesses  either  a  fine 
granular  or  colophony-like  ground-mass,  and  is  frequently 
contaminated  with  parts  of  plants.  The  outside  of  the^aiiety 
occurring  in  commerce  in  large  lumps  shows,  according  to  the 
mode  of  packing,  the  imprint  of  leaves  or  of  coarse  packing 
cloth. 

All  varieties  of  benzoin  possess  a  peculiar  odor,  that  of  the 
better  varieties  being  agreeable,  and  have  a  sweet,  aromatic 
but  pungent  taste.  The  melting-point  generally  lies  between 
176**  to  203°  F.,  that  of  the  tears  and  the  almonds  being  lower 
than  that  of  the  ground-mass.  A  low  melting-point  is  ac 
cepted  as  a  mark  of  quality,  Siam  benzoin,  which  is  considered 
the  best,  melting  at  167^  F.  Some  varieties,  for  instance, 
those  brought  from  Singapore,  have  a  pronounced  vanilla-like 
odor;  the  presence  of  vanillin  has  been  established  in  them. 

Benzoin  is  sparingly  soluble  in  chloroform,  only  partially 
so  in  ether,  and  completely  in  alcohol.  Benzine  withdraws 
only  benzoic  acid  from  the  dry,  powdered  benzoin.  All  vari- 
eties of  benzoin  dissolve  in  concentrated  sulphuric  acid  to  a 
fluid  of  a  beautiful  color,  from  which  benzoic  acid,  if  present, 
separates  out  in  crystals  by  the  gradual  addition  of  water. 

Perwvian  balsam  comes  from  the  Balsam  Coast,  San  Salvador* 
Central  America,  where  in  the  mountain  forests  back  of  the 
coast  grows  the  balsam  tree,  Myroxylon  pereira  Klotzsh.  The 
tree  begins  to  yield  balsam  when  it  has  become  five  years  old, 
the  collecting  time  commencing  in  the  dry  season  in  the  first 
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days  of  November.  The  trunks  of  the  trees  are  belabored 
with  hammers  so  that  the  bark  is  detached  in  strips.  After  a 
few  days  the  bark  thus  loosened  is  burnt  off  by  means  of 
torches,  whereupon  a  balsamic  fluid  oozes  from  the  young 
wood,  which  is  absorbed  by  pieces  of  cloth  or  rags  placed  upon 
the  denuded  places.  When  the  rags  are  thoroughly  saturated 
with  balsam  they  are  squeezed  out  and  then  thrown  into  an 
earthen  pot  filled  with  boiling  water,  whereby  the  balsam  is 
detached  and  collects  on  the  bottom  of  the  vessel.  By  this 
process  Balmmo  de  Trapo  is  obtained.  By  boiling  the  bark 
which  falls  off,  a  small  quantity  of  a  poorer  quality  of  balsam 
called  tacuasorU^  is  obtained. 

Crude  Peruvian  balsam  is  a  gray-green  to  dirty  yellow 
fluid  of  the  consistency  of  syrup. 

Ordinary  (black)  Peruvian  balsam  is  a  black-brown  fluid, 
transparent  and  dark  (honey-yellow  in  thin  layers),  which 
retains  its  consistency  even  after  being  kept  for  years  and  de- 
posits no  crystals.  It  shows  a  slight  acid  reaction,  has  an 
agreeable  odor  reminding  one  of  gum  benzoin  and  vanilla, 
and  at  first  a  mild,  but,  later  on,  a  sharp  and  pungent  taste. 

The  specific  gravity  of  pure  Peru  balsam  formerly  ranged 
from  1.14  to  1.16,  but  at  present  from  1.135  to  1.145,  this 
change  in  the  specific  gravity  being  very  likely  due  to  a  dif- 
ferent process  of  purification. 

Peruvian  balsam  is  miscible  in  all  proportions  with  absolute 
alcohol  and  is  almost  completely  soluble  in  90  per  cent,  alcohol. 
In  fatty  oils  it  is  partially  soluble.  Benzine  dissolves  from  it 
only  the  nearly  colorless  cinnamein,  of  which  it  contains  up  to 
45  per  cent. 

As  adulterants,  are  used  :  Alcohol,  volatile  oils,  fat  oil,  espe- 
cially castor  oil ;  further,  copaiba  balsam,  Canada  balsam, 
gurjun  balsam,  storax,  benzoin,  and  asphaltum.  The  estab- 
lishment of  these  adulterants  is  connected  with  difficulties; 
but  the  properties  of  Peru  balsam  are  so  characteristic  that  it 
is  quite  easy  to  detect  whether  it  is  genuine  and  pure,  or  not, 
the  specific  gravity  and   proportions  of  solubility  deserving 
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especial  attention  in  this  respect.  The  test  by  the  specific 
gravity  is  available,  since  most  of  the  adulterants  render  the 
balsam  specifically  lighter,  especially  alcohol,  but  also  copaiba 
balsam  (specific  gravity,  0.95),  castor  oil  (0.96),  oil  of  turpen- 
tine (0.87),  gurjun  (0.96),  etc.  The  customary  procedure  is  as 
follows :  Prepare  a  common  salt  solution  of  1.25  specific  gravity, 
by  dissolving  1  part  of  dried  sodium  chloride  in  5  parts  of  dis- 
tilled water ;  drop  the  balsam  into  the  solution ;  every  drop  of 
pure  Peru  balsam  sinks  in  a  roundish  *form  to  the  bottom, 
but  if  the  drop  again  comes  to  the  surface  and  spreads  out 
upon  it,  it  is  a  sure  sign  of  some  kind  of  adulteration.  How- 
ever, the  change  in  the  specific  gravity  by  the  admixture  of 
fat  oils  is  but  very  slight,  since  the  balsam  can  only  be  mixed 
with  them  to  a  conformable  fluid  in  the  proportion  of  from  7 
to  10  to  1.  Castor  oil  forms  an  exception  in  this  respect,  it 
being  miscible  also  in  other  proportions. 

Petroleum-ether  is  an  excellent  testing  agent.  Bring  into  a 
test-tube  about  2.5  grammes  of  Peru  balsam,  and  6  to  7  centi- 
meters of  petroleum-ether,  close  the  tube  with  the  finger  and 
shake  vigorously  ;  a  brown,  thickly-fluid  mass  adheres  in  une- 
qual layers  to  the  sides  of  the  tube,  and  before  running  to- 
gether remains  in  this  position  one  to  two  minutes  after  the 
petroleum-ether  has  been  poured  into  a  porcelain,  saucer.  If, 
however,  the  mass  is  thinly  fluid,  and  does  not,  in  the  above- 
mentioned  manner,  adhere  to  the  sides  of  the  tube,  but,  after 
shaking,  collects  below  the  petroleum-ether,  the  balsam  is 
adulterated.  After  shaking,  immediately  pour  off"  the  petro- 
leum-ether ;  if  the  latter  is  almost  colorless,  or  but  slightly 
colored  yellowish,  the  balsam  is  pure ;  if,  however,  it  is  turbid, 
and  soon  forms  a  sediment,  or  if  it  is  yellow  or  brownish,  or 
brown,  the  balsam  is  adulterated. 

Tolu  balsam  is  the  produce  of  Myroxylon  toluiferum,  Humb., 
Bonpl.  et  Kunth,  Toluifera  halsamay  li.,  a  tree  growing  in 
Northwestern  South  America.  It  exudes  during  the  heat  of 
the  day,  and  is  collected  in  gourds.  It  soon  hardens,  by 
which  it  is  distinguished  from  Peruvian  balsam.     In  commerce 
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two  kinds  of  Tolu  balsam  are  found,  one  of  the  consistency  of 
turpentine,  and  the  other  solid.  The  first  kind,  Brazilian 
balsam,  forms  a  semi-liquid,  turpentine-like,  sticky  mass  of 
the  color  of  copaiba  balsam.  By  long  storage  it  becomes  hard 
and  brownish.  The  second  variety,  Tolu  or  Carthagena 
balsam,  is  a  brittle,  more  or  less  translucent  yellow-brown  or 
reddish-brown  resin  of  a  granular  or  crystaline  appearance. 
It  softens  at  about  86°  F.,  and  melts  between  140**  and  149^ 
F.  Viewed  under  the  microscope  it  appears  rich  in  crystals 
of  separated  cinnamic  and  benzoic  acids.  Its  specific  gravity 
varies  between  1  and  2.  Both  varieties  of  Tolu  balsam  have 
an  aromatic,  slightly  pungent  and  sourish  taste,  resembling 
somewhat  that  of  Peruvian  balsam.  They  are  readily  solu- 
ble in  ordinary  spirits  of  wine,  alcohol,  acetone,  chloroform 
and  potash  lye,  but  insoluble  in  petroleum -ether  and  carbon 
disulphide. 

Commercial  Tolu  balsam  is  frequently  more  or  less  mixed 
with  vegetable  remains  which,  however  can  be  readily  de- 
tected with  the  microscope,  especially  after  the  solution  of  the 
resinous  constituents.  It  is  frequently  adulterated  with  tur- 
pentine or  pine  rosin.  Such  adulterations  may  be  detected 
by  carbon  disulphide,  which  completely  dissolves  these  sub- 
stances, but  not  the  Tolu  balsam.  When  pure  Tolu  balsam 
is  triturated  with  concentrated  sulphuric  acid,  a  cherry-red 
liquid  is  obtained,  which  does  not  evolve  sulphurous  acid,  as 
is  the  case  in  the  presence  of  turpentine-rosins. 

Storax  comes  from  Liquidambar  orienJtale,  Mill.,  a  plantain- 
like tree,  which  forms  handsome,  dense  forests  in  Southern 
Asia  Minor,  especially  in  Cyprus. 

Liquid  storax  is  a  sticky,  opaque  substance  of  the  consistency 
of  turpentine.  It  has  a  mouse-gray  color,  which  by  contact 
with  the  air  becomes  brown  on  the  surface,  an  agreeable 
benzoin-like  odor,  and  a  sharp,  pungent,  aromatic  taste.  It 
is  heavier  than  water,  its  specific  gravity  being  1.112  to  1.115. 
On  losing  its  content  of  moisture  (by  drying  out  when  heated 
it  becomes  brown  and  clear.     When  exposed  to  the  air  in  a 
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thick  layer  it  does  not  completely  dry,  and  in  a  thin  layer 
only  after  considerable  time ;  but  when  pressed  with  the  finger 
always  shows  a  certain  stickiness.  It  is  partially  soluble  in 
spirits  of  wine,  yielding  with  it  a  more  or  less  turbid  solution. 
It  is  also  incompletely  soluble  in  oil  of  turpentine,  benzine, 
petroleum-either,  and  chloroform.  Viewed  under  the  micro- 
scope liquid  storax  appears  as  a  colorless  thickish  fluid,  inter- 
mingled with  larger  and  smaller  drops,  fragments  of  bark 
tissue,  and  now  and  then,  perhaps,  with  crystals  of  styracin 
and  cinnamic  acid. 

Good  liquid  storax  should  yield  to  90  per  cent,  alcohol  at 
least  so  much  soluble  matter  that  the  dried  residue  of  the 
filtered  alcoholic  solution  amounts  to  66  per  cent,  of  the 
quantity  of  storax. 

Ordinary  liquid  storax,  which  has  not  been  stored  too  long, 
contains  10  to  20  per  cent,  of  water  and  about  the  same  quan- 
tity of  impurities  (fragments  of  plant  tissue)  which  remain 
behind  on  treatment  with  the  above-mentioned  solvents. 

Liquid  storax  is  said  to  be  adulterated  with  the  turpentines 
of  some  species  of  larch  and  pine.  Such  adulteration  is  prim- 
arily detected,  according  to  Hager,  by  the  specific  gravity. 
Take  up  a  drop  of  the  balsam  with  a  knitting-needle,  and  by 
heating  the  needle  make  it  fall  into  a  cold  solution  of  1  part 
common  salt  and  8  parts  water.  On  stirring,  the  drop  must 
sink,  otherwise  adulteration  with  turpentine  is  very  likely. 
Next  bring  5  grammes  of  the  storax  into  a  test-tube,  melt  it 
in  the  water-bath,  add  i  volume  of  absolute  alcohol,  and  mix 
by  shaking ;  then  compound  the  mixture  with  several  times 
its  volume  of  petroleum-ether,  shake  vigorously,  allow  to 
settle,  and  decant  the  layer  of  petroleum-ether.  Repeat  twice 
this  shaking  with  petroleum-ether ;  then  evaporate  the  petro- 
leum-ether solution  in  a  tared  flask  on  the  water-bath.  The 
residue  remaining  after  evaporation  is  colorless,  bluish  opales- 
cent, and  of  an  agreeable  odor ;  in  the  presence  of  turpentine 
it  is  yellowish  and  has  the,  not  to  be  mistaken,  odor  of  turpen- 
tine. 

30 
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Myrrh  is  a  gum-resiu,  which  comes  from  several  kinds  of 
the  species  Commiphora  indigenous  to  South  Asia  and  Abys- 
sinia. The  gum-resin  exudes  spontaneously  as  a  white,  oil- 
like mass  and,  after  hardening,  is  collected  by  the  natives  and 
brought  chiefly  to  Berbera,  a  small  seaport  opposite  Aden,  to 
be  exchanged  for  English  and  Indian  goods.  From  there,  by 
way  of  Aden  and  Bombay,  it  reaches  the  European  market 
In  Bombay  the  first  sorting  tak^  place,  which  is,  however, 
superficial,  and  hence  has  to  be  repeated  in  Europe  (London). 
According  to  Parker,  ten  different  resins  are  admixed  with 
myrrh,  especially  bdellium  resins. 

In  commerce  Myrrha  deda  and  Myrrha  vulgaris  or  in  sorUs 
are  distinguished.  Myrrha  electa^  the  best  quality,  occurs  in 
pieces  of  irr^ular  form  and  variable  sizes,  consisting  of  tears 
— either  distinct  or  agglomerated — usually  covered  with  a  fine 
powder  or  dust.  The  surface  is  seldom  smooth,  but  generally 
rough  or  granular.  The  color  varies,  being  pale  reddish 
yellow,  red  or  reddish-brown.  The  fracture  is  conchoidal, 
seldom  smooth,  but  rather  granular,  rough,  of  a  fatty  luster, 
and  sometimes  shows  whitish  strise  or  veins,  or  opalesces  like 
flint.  The  fractured  edges  are  more  or  less  translucent ;  thin 
disks  or  splinters  are  translucent  or  transparent.  The  specific 
gravity  is,  according  to  Hager,  1.195  to  1.205,  and  according 
to  Ruickholdt,  1.12  to  1.18.  A  Myn'ha  electa  is  the  better, 
the  more  fragile,  friable  and  paler  in  color  it  is,  and  the  more 
rapidly  it  ignites  and  bums  with  a  yellow,  sooty  flame. 
Poorer  qualities  may  be  recognized  by  the  dark  brown  color 
and  dirty  appearance.  Myrrh  is  with  diflBculty  rubbed  to  a 
fine  powder,  this  being  possible  only  after  drying,  which  must, 
however,  be  done  at  a  very  moderate  heat  to  prevent  loss  of 
essential  oil. 

Myrrh,  according  to  Hager,  consists  in  100  parts  of  about 
2.5  parts  essential  oil  (myrrhol),  26  to  35  parts  resin  (myrrhin), 
55  to  66  parts  gum  soluble  in  water,  3  to  8  parts  salts,  impuri- 
ties and  water.  Water  forms  with  myrrh  an  emulsion  and 
dissolves  the  gum.  The  resinous  constituents  are  dissolved  by 
spirit  of  wine. 
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Myrrh  is  frequently  contaminated  with  bark,  which  forms 
either  a  film  of  cork  as  thick  as  paper  or  a  crust  of  a  fibrous 
and,  at  the  same  time,  brittle  nature.  Sand  or  small  pebbles 
are  also  frequently  mixed  with  the  myrrh.  Other  varieties  of 
gum  or  gum-reain,  which  considerably  decrease  the  value  of 
the  product,  are  often  found  in  the  commercial  article,  the  in- 
ferior qualities  especially  being  adulterated  and  mixed  with 
dark  pieces  of  Suakim  gum,  gum  of  the  plum  or  cherry  tree, 
bdellium,  and  similar  substances,  which  are  partially  moist- 
ened with  myrrh  tincture,  and  scattered  over. with  myrrh 
powder.  Adulteration  with  gum-arabic,  gum  of  the  plum  or 
cherry  tree,  which  are  coated  with  alcoholic  myrrh  solution,  is 
recognized  by  the  paler  luster,  greater  transparency,  and  mu- 
cilaginous taste.  Pieces  of  resin  melt  on  heating,  while  myrrh 
only  swells  up.  Bdellium  is  detected  by  the  dark  or  black- 
brown  color,  toughness,  less  bitter  taste,  and  by  crackling  and 
spitting  when  held  in  the  flame  of  a  candle,  as  well  as  by  the 
reaction  of  myrrh  with  nitric  acid  discovered  by  Bonastre. 
By  mixing  5  cubic  centimeters  of  alcoholic  myrrh  tincture 
with  5  to  10  drops  of  fuming  nitric  acid,  a  rose-color  coloration, 
passing  into  red,  results.  Parker  gives  the  following  method 
for  testing  myrrh  :  Prepare  a  tincture  of  1  part  myrrh  and  6 
parts  spirit  of  wine.  Saturate  with  this  tincture  white  filtering 
paper,  allow  it  to  drain  off,  and  then  wrap  it  around  a  glass 
rod  moistened  with  nitric  acid  of  1.42  specific  gravity.  With 
genuine  myrrh  the  paper  immediately  becomes  deep  yellow- 
brown  and  then  black,  while  the  edges  of  the  paper  strip  ap- 
pear dark  purple  red.  When  a  few  drops  of  the  tincture  of 
myrrh  are  allowed  to  dry  in,  a  transparent  residue  remains 
behind.  The  tinctures  of  spurious  articles,  with  the  exception 
of  bissabol,  give  turbid  residues. 

Opopanax. — Various  gum  resins  are  known  under  this  name, 
but  that  of  interest  to  the  perfumer  comes  from  the  Balsam- 
odendron  Kaful  Kunth,  indigenous  to  Persia.  It  forms  grains 
or  lumps  of  a  red  yellow  or  brown  color  and  has  a  fracture  of 
a  waxy  luster.     It  can  be  rubbed  to  gold-yellow  powder.     It 
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Ims  a  strong  and  peculiar  odor,  and  a  very  bitter  and  balsamic 
taste.  With  water  it  forms  an  emulsion,  while  it  is  only  par- 
tially soluble  in  spirit  of  wine.  It  contains  very  little  essential 
oil,  and  a  resin  which  melts  at  212^  F.,  and  is  soluble  in  ether 
and  aqueous  alkalies.  It  further  contains  gum,  organic  and 
inorganic  salts  and  foreign  admixtures. 

Perfumes  of  Animal  Origin. — Ambergris. — This  is  an  odorous 
solid  substance  found  floating  on  the  sea  in  tropical  climates, 
and  in  the  caecum  of  the  cachelot  or  spermaceti  whale 
{Physeter  macrocephalvs).  It  has  been  supposed  by  some  to  be 
a  morbid  secretion  of  the  liver  and  intestines  analogous  to 
biliary  calculi ;  but,  according  to  Mr.  Beale,  it  consists  of  the 
mere  indurated  feces  of  the  animal,  perhaps  somewhat  altered 
by  disease.  The  color  of  ambergris  is  grayish-white  and  yel- 
low marbled.  It  has  a  pleasant  musk-like  odor,  which  is 
heightened  by  warming,  the  odor  being  peculiar,  and  not 
easily  described  or  imitated.  It  does  not  effervesce  with 
acids;  melts  at  H0°  to  150°  F.  to  a  yellowish  resin-like  mass, 
and  at  212°  F.  flies  off  as  a  white  vapor.  It  dissolves  easily 
in  absolute  alcohol,  ether,  and  also  in  fat  and  volatile  oils. 
A  factitious  ambergris  is  said  to  be  made  as  follows :  Orris 
powder,  spearmaceti,  gum  benzoin,  of  each  1  pound,  asphal- 
tum  8  to  4  ounces,  ambergris  6  ounces,  grain  musk  3 
drachms,  oil  of  cloves  1  drachm,  oil  of  rhodium  J  drachm, 
liquor  ammonise  1  fluidounce.  Beat  to  a  smooth,  hard  mass 
with  mucilage,  and  make  into  lumps  whilst  soft. 

Civet. — Under  this  name  is  known  an  animal  secretion 
which  originates  from  Viverra  zibetha,  the  Asiatic,  and  Viverra 
dvetta,  the  African  civet.  It  separates  in  these  animals  from 
particular  glands  into  a  sort  of  pocket  which  is  situated  be- 
tween the  anus  and  the  genital  organs  and  opening  outside. 
The  wild  animal  squirts  this  mass  from  time  to  time 
spontaneously  ;  from  the  animals  kept  in  captivity  it  is  taken 
with  a  spoon.  Civet  forms  a  smeary,  soft,  at  first  white,  after 
a  while  brownish  mass,  becoming  in  time  more  consistent. 
It  £as  a  peculiar  musk  or  ambergris-like  fragrance  and  a  dis- 
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agreeable,   bitter,   irritating   taste.     It   melts    when   heated, 
puffs  up,  takes  fire,  and  burns  with  a  bright  flame. 

Musk  is  a  peculiar  concrete  substance  obtained  from  Moschua 
moBchiferuSj  an  animal  bearing  a  close  resemblance  to  the  deer 
in  shape  and  size,  and  indigenous  to  the  high  plateaus  of 
Asia.  The  musk  is  contained  in  an  oval,  hairy,  projecting 
sac,  found  only  in  the  male,  situated  between  the  umbilicus 
and  the  prepuce.  It  is  from  two  to  three  inches  long  and 
from  one  to  two  broad.  In  the  vigorous  male  animal  the  sac 
contains  sometimes  6  drachms  of  musk,  but  in  the  old,  seldom 
more  than  2  drachms,  and  none  in  the  young. 

Musk  is  in  grains  or  lumps  concreted  together,  soft  and 
unctuous  to  the  touch,  and  of  a  reddish-brown  color  resem- 
bling  that  of  dried  blood.  The  odor  is  strong,  penetrating, 
and  so  diffusive  that  one  part  of  musk  communicates  its  smell 
to  more  than  3000  parts  of  inodorous  powder.  The  taste  is 
bitter,  disagreeable  and  somewhat  acrid. 

Musk  is  very  much  adulterated,  very  little  of  the  genuine 
article  reaching  the  market.  The  Chinese  are  adepts  in  this 
sophistication.  Dried  blood,  on  account  of  its  resemblance 
to  musk,  is  among  the  most  common  adulterations,  but  besides 
this,  sand,  iron-filings,  hair,  the  dung  of  birds,  wax,  asphalt 
and  many  other  substances  are  introduced.  They  are  mixed 
with  a  small  portion  of  musk,  the  powerful  odor  of  which  is 
communicated  to  the  entire  mass  and  renders  the  discovery  of 
the  fraud  sometimes  difficult  The  bag  containing  the  musk 
should  have  the  characters  before  described  as  belonging  to  the 
natural  sac  and  present  no  sign  of  having  been  opened.  Gen- 
uine musk  burns  with  a  white  flame  and  leaves  a  white,  spongy 
charcoal ;  that  which  burns  with  difficulty,  has  a  feeble  odor, 
and  a  color  either  pale  or  entirely  black,  feels  gritty  to  the 
finger,  is  very  moist  so  as  to  lose  much  weight  in  drying, 
should  be  rejected. 

Artificial  Perfumes. — In  speaking  of  the  essential  oils  used  in 
perfumery,  attention  has  been  drawn  to  the  fact  that,  thanks 
to  the  progress  in  chemistry,  there  are  now  at  the  dispQsal  of 
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the  soapmaker  and  perfunlker  quite  a  number  of  artificial  per- 
fumes. These  products  are  partly  bodies  separated  from  essen- 
tial oils  and  partly  bodies  obtained  by  synthesis.  It  is  not 
within  the  province  of  this  work  to  enter  into  the  process  of 
manufacture  of  these  products,  but  the  more  important  ones 
may  be  briefly  referred  to. 

Anisic  aldehyde  is  fluid  at  the  ordinary  temperature.  Its 
smell  reminds  one  of  that  of  4;he  flowering  hawthorn.  It  is 
found  in  commerce  under  the  name  of  aubepine  and  is  quite 
extensively  used  for  soaps,  it  being  especially  useAil  in  combi- 
nation with  orange  oil,  petitgrain  and  similar  essential  oils. 

Citral  forms  a  thin,  faintly  yellowish  oil,  with  a  penetrating 
smell  of  lemons  and  a  sharp  burning  taste. 

Oamarin  forms  small  colorless  crystals  of  a  silky  luster.  It 
is  very  hard,  cracks  between  the  teeth,  shows  a  smooth  frac- 
ture, and  sinks  in  water.  It  has  a  very  agreeable  aromatic 
odor  which,  on  rubbing  the  substance  with  the  fingers,  be- 
comes like  that  of  oil  of  bitter  almonds.  It  has  a  bitter, 
warm  and  pungent  taste. 

Oeraniol  forms,  in  a  pure  state,  a  colorless  liquid,  with  a 
specific  gravity  of  0.882  to  0.885,  and  is  easily  soluble  in 
alcohol. 

Heliotropin  or  piperonal  forms  small  colorless  prismatic  crys- 
tals, which  have  an  agreeable  odor  of  heliotrope.  Heliotropin 
melts  at  about  104^  F.,  and  volatilizes  at  a  higher  temperature 
without  leaving  a  residue.  It  is  soluble  in  alcohol  and  ether, 
and  insoluble  in  cold  water  ;  in  hot  water  it  melts  to  an  oily 
liquid,  which  floats  upon  the  water. 

HyamUh  consists  chiefly  of  terpinol.  It  is  easily  soluble  in 
all  liquids  employed  in  perfumery.  It  is  useful  not  only  for 
the  preparation  of  hyacinth  soaps,  but  is  also  to  a  considerable 
extent  used  in  combination  with  rose  and  geranium  oils  for 
rose  soaps. 

Linalool  is  an  almost  colorless  liquid  with  a  specific  gravity 
of  0.878.  It  is  easily  soluble  in  alcohol  and  has  a  remarkably 
fine  odor.  It  is  a  substitute  for  linaloe  oil,  but  is  considerably 
more  exhalent. 
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Neroli  oil. — An  artificial  oil  of  neroli  brought  into  com- 
merce forms  fine  dazzling  white  crystalline  scales,  which  melt 
at  97^  F. ;  it  shoald  therefore  be  stored  in  a  cool  place.  It 
dissolves  in  nearly  all  proportions  in  alcohol,  fatty  and  essen- 
tial oils,  and  is  especially  recommended  for  perfuming  cheap 
toilet  soaps,  one  pound  of  it  being  at  the  utmost  required  for 
200  lbs.  of  soap.  By  combining  it  with  linalool,  orange  oil  and 
cumarin  an  agreeable  and  effective  perfume  is  also  obtained. 

Safrol  is  a  colorless  or  slightly  yellowish  liquid  with  a  spe- 
cific gravity  of  1.106.  It  is  very  useful  for  covering  the  un- 
pleasant fatty  smell  in  soaps  and  for  that  reason  is  largely 
used  for  perfuming  domestic  soaps.  For  soaps  from  good  fats 
4  to  8  ozs.  are  sufiicient  for  200  lbs.  of  soap. 

Artificial  bitter  almond  oil  and  artificial  wintergreen  oil 
have  been  referred  to  under  the  respective  natural  oils. 

Tinctures. — ^These  are  prepared  from  the  resins  and  balsams 
previously  described,  as  well  as  from  the  perfume-substances 
derived  from  the  animal  kingdom.  Most  of  these  substances, 
if  not  already  found  in  commerce  in  the  form  of  powder,  are, 
previous  to  extraction,  pulverized,  or  at  least  comminuted  as 
much  as  possible.  The  infusions  should  be  stored  in  a  mode- 
rately warm  room,  and  vigorously  shaken  several  times  every 
day.  When  extraction  is  finished  the  product  is  filtered 
through  paper.  The  substances  to  be  used  should  be  fresh 
and  genuine,  and  the  alcohol  free  from  fusel  oil,  since  a  per- 
fect tincture  can  only  be  obtained  under  these  conditions.  It 
is  advisable  to  have  always  a  sufficient  supply  of  tinctures  on 
hand,  since  their  aroma  improves  by  age. 

Musk  tincture. — Tonkin  musk  11  drachms,  rose  water  8  ozs., 
best  quality  alcohol  2  quarts. 

Carefully  empty  the  musk  sac  into  a  glass  flask,  add  the  rose 
water,  and  let  the  flask  stand  for  about  10  days,  shaking  fre- 
quently. Then  add  the  alcohol  and  let  the  whole  stand  for 
several  weeks,  shaking  frequently.  Cut  up  the  empty  musk 
sacs  into  as  small  pieces  as  possible,  and,  in  another  bottle, 
treat  them  in  the  same  manner  as  their  contents ;  distilled 
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water  may,  however,  be  used  instead  of  rose  water.  The  ob- 
ject of  the  water  is  to  soften  the  musk,  which  swells  up,  so  that 
the  alcohol  can  better  penetrate  into  the  cellular  tissue  and 
absorb  the  aroma. 

The  extract  from  the  empty  musk  sacs  is  used  for  cheaper 
products,  or  mixed  with  the  extract  from  the  contents  of  the 
sacs,  according  to  whether  a  more  or  less  fine  quality  of  tinc- 
ture is  to  be  obtained.  A  still  higher  yield  might,  perhaps, 
be  obtained  by  the  use  of  a  machine  for  comminuting  the 
musk,  which  grinds  the  sac  to  atoms,  whereby  the  cellular 
tissue  is  still  more  completely  disintegrated  than  by  cutting 
up.. 

Owet  tincture, — Civet  5J  drachms,  best  quality  of  alcohol  3 
pints. 

Civet  in  its  natural  state  being,  with  difficulty,  soluble  in 
alcohol,  triturate  it  in  a  mortar  to  a  pulverulent  mass  together 
with  some  dry  substance,  for  instance,  whiting  or  exhausted 
orris-root  powder.  The  mixture  is  then  brought  into  a  glass 
flask,  the  alcohol  added,  and  the  whole  frequently  shaken. 

Ambergris  tincture. — Ambergris  5J  drachms,  alcohol  of  the 
best  quality  1  quart. 

Ambergris  dissolving  readily  in  alcohol,  pulverizing  is  not 
required,  but  if  it  is  done  great  care  should  be  exercised  to 
prevent  loss  of  this  expensive  substance.  Ambergris  is  not  so 
much  distinguished  by  its  aroma  as  by  its  indestructibility, 
which  renders  it  especially  suitable  for  fixing  odors. 

Benzoin  tincture. — Benzoin  (Siam)  2  lbs.,  best  quality  of  alco- 
hol 3  quarts. 

Convert  the  benzoin  into  a  coarse  powder,  bring  it  into  a 
flask,  add  the  alcohol  and  shake  thoroughly.  Solution  takes 
place  in  10  to  12  days. 

Siam  benzoin  is  the  finest  and  most  expensive  and  is  indis- 
dispensable  for  Extraits  d^Odeura.  For  cheaper  products  of 
perfumery,  Sumatra  benzoin  answers  very  well. 

Opopanax  tincture. — Opopanax  2  lbs.,  best  quality  of  alcohol 
4  quarts. 
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Reduce  the  opopanax  to  a  coarse  powder,  bring  it  into  a 
bottle,  add  the  alcohol  and  shake  frequently. 

PervrbaUam  tincture. — Peru  balsam  8  ozs.,  best  quality  of  al- 
cohol 5  quarts. 

Tolvrbalsam  tinctwre. — Tolu  balsam  3  lbs.,  best  quality  of 
alcohol  5  quarts. 

Bring  the  alcohol  into  a  bottle.  Tolu  balsam  cannot  be  re- 
duced tx)  a  powder,  hence  it  is  necessary  to  keep  it  cold,  whereby 
it  becomes  brittle  so  that  it  can  be  cut  up  with  a  sharp  instru- 
ment and  a  hammer.  The  pieces  detached  are  rapidly  brought 
into  the  alcohol,  solution  taking  place  in  about  14  days.  If 
the  alcohol  were  added  to  the  Tolu  balsam,  the  latter  would 
ball  together,  rendering  solution  very  difficult.  Frequent 
vigorous  shaking  is  necessary. 

Myrrh  tiivcture. — Myrrh  1  lb.,  alcohol  2  quarts.  The  myrrh 
should  previously  be  coarsely  powdered. 

Storax  tincture. — Liquid  storax  2  lbs.,  alcohol  6  quarts. 

Pour  the  alcohol  into  a  bottle.  Liquefy  the  storax  by 
placing  the  vessel  containing  it  in  warm  water,  and  then 
pour  it  in  a  very  thin  stream  into  the  bottle  containing  the 
alcohol. 


CHAPTER  XIX. 

Testing  Soaps. 

In  testing  soaps  the  following  points  have  to  be  taken  into 
account :  1.  Content  of  water.  2.  Proportion  of  fatty  acid  to 
alkali.  3.  Nature  of  the  alkali  and  the  fatty  acid,  relatively 
of  the  rosin.  4.  Intentional  admixture  of  organic  or  inorganic 
substances. 

Determination  of  the  content  of  water, — In  the  determination 
of  the  content  of  water  special  care  must  be  had  to  obtain  a 
fair  average  sample.  The  content  of  water  of  the  outer  por- 
tions being  less  than  that  of  the  interior,  thin  cross-sections 
should  be  taken  from  bars  of  hard  soap,  and  the  samples  of 
soft  soap  from  the  centre  of  the  barrel.  In  drying  soap  con- 
taining much  water,  it  frequently  happens  that  it  melts  when 
exposed  to  a  temperature  of  212^  F.  and  becomes  covered 
with  a  film  which  prevents  the  escape  of  the  aqueous  vapor. 
To  prevent  melting  together,  Loewe  recommends  first  to  diy  8 
to  10  grammes  of  the  soap,  previously  reduced  to  fine  shav- 
ings, at  from  UO*"  to  168°  F.,  and  then  at  from  212°  to  221° 
F.,  until  the  weight  is  constant.  This  is  best  done  upon  a 
large  watch-crystal,  which  for  weighing  is  covered  with  another 
one  fitting  hermetically.  For  the  determination  of  water, 
Gladding  recommends  to  weigh  a  beaker-glass  -of  about  100 
cubic  centimetres  capacity  together  with  a  glass-rod.  The 
bottom  of  the  beaker-glass  is  to  be  previously  covered  1.3  cen- 
timetres deep  with  annealed  quartz  sand.  Then  introduce 
into  the  beaker-glass  about  5  grammes  of  the  soap,  weigh 
again,  add  about  25  cubic  centimetres  of  alcohol,  and  heat 
with  occasional  stirring  over  a  water-bath  until  the  weight  is 
constant.     The  loss  is  water.     This  method  is  especially  re- 
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eommended  for  soft  soap,  which  it  is  difficult  to  get  entirely 
dry  by  I^oewe's  process.  The  exact  determination  of  water  in 
soap  being  difficult'  at  the  best,  as  the  dried  soap  readily  re- 
absorbs water,  the  indirect  method,  t.  e.,  determining  all  the 
other  constituents  of  the  soap  and  calculating  the  water  from 
the  difference,  is  more  accurate.  Moreover,  with  soap  that 
contains  free  alkali,  alcohol,  essential  oils,  or  larger  quantities 
of  glycerin,  determination  of  the  loss  of  weight  by  heating  is 
not  possible. 

Determination  of  the  co^Uent  of  fatty  acid. — Take  a  sample  of 
6  to  10  grammes,  partially  from  the  interior  of  the  bar  and 
partially  from  the  exterior,  in  order  to  obtain  one  with  the 
average  content  of  moisture.  Place  the  sample  in  a  porcelain 
dish,  pour  20  to  30  times  its  weight  of  diluted  sulphuric  acid 
(1  part  acid  to  12  parts  water)  over  it,  and  heat  until  the  clear 
fatty  acid  floats  on  the  surface.  From  oil-soap  the  fatty  acid 
separates  with  greater  ease  than  from  tallow-soap,  but,  as  it 
does  not  completely  congeal,  it  is  difficult  to  remove  without 
loss,  from  the  fluid  beneath.  This  is  overcome  by  the  addition 
of  an  accurately  weighed  quantity  (6  to  10  grammes)  of  thor- 
oughly dried  white  wax  or  stearin,  which  is  melted  together 
with  the  fatty  acid.  The  mass  after  cooling  represents  a  co- 
herent, hard  cake,  which  can  be  readily  lifted  from  the  fluid 
by  means  of  a  spatula.  The  cake  is  placed  upon  a  filter  and 
washed  with  distilled  water  as  long  as  the  latter  takes  up 
sulphuric  acid,  i.  e.,  shows  the  reaction  with  barium  chloride. 
The  cake  of  fatty  acid  is  then  dried  under  a  bell  alongside  a 
vessel  containing  sulphuric  acid,  preferably  but  not  absolutely 
necessary,  under  an  air-pump,  until  the  weight  remains  con- 
stant. Then  deduct  the  weight  of  the  stearin  or  wax  that  has 
been  added  from  the  total  weight  of  the  cake.  The  remainder, 
provided  the  soap  under  examination  contains  no  rosin, 
represents  the  hydrate  of  fatty  acid  and,  therefore,  cannot  be 
set  down  as  the  result  of  the  analysis,  and  a  reduction  to 
anhydrous  fatty  acids  has  ^xst  to  be  made. 

Since  100  parts  of  stearic  acid,  CigHseO,,  correspond  to 
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96.83  parts  of  stearic  acid  anhydride,  (CisHaaO),©,  100  parts 
of  palmitic  acid,  CieH,,09,  to  96.48  parts  palmitic  acid  an- 
hydride (CieH8iO)aO,  and  100  parts  of  oleic  acid  CigHsiO, 
to  96.81  parts  of  oleic  acid  anhydride,  (CjeHjaO),©,  no  per- 
ceptible error  is  made  by  taking  the  content  of  water  of  the 
fatty  acid  at  3.25  per  cent.  H^nce  3.25  per  cent,  has  to  be 
deducted  from  the  weight  found  or,  what  amounts  to  the  same 
thing,  the  per  cent,  number  of  the  fatty  acid  has  to  be  multi- 
plied by  0.9675,  and  the  remainder  set  down  in  the  analysis 
as  fatty  acid.  (However,  in  many  analyses  of  soap  this  is 
not  done,  the  fatty  acid  being  set  down  in  the  analysis  as 
hydrate,  which  in  judging  the  results  has  to  be  duly  taken 
into  consideration.) 

For  the  determination  of  the  content  of  fatty  acid  in  soap, 
Dr.  C.  Stiepel  has  constructed  an  apparatus  which  is  intended 
to  serve  for  controlling  the  operations  in  the  soap  factory  and 
for  calculating  the  cost  of  the  soap.  The  apparatus  is  called 
the  8oap  analysator  and  is  shown  in  Fig  54.  It  consists  of  the 
stand.  A,  with  an  Erlenmeyer  flask,  E,  which  is  held  by  the 
elastic  brass  clamp,  C,  and  stands  upon  a  wire  net  resting  upon 
the  iron  ring,  B.  A  tube,  a,  is  fused  in  the  flask,  E.  In  the 
interior  of  the  flask  this  tube  reaches  close  to  the  bottom,  and 
on  the  outside  projects  sufiiciently  to  allow  of  a  piece  of  rubber 
tube  being  conveniently  drawn  over  it.  Upon  the  ground  neck 
of  the  flask  sits  a  cylindrical  tube,  F,  which  is  also  ground  in 
below  and  furnished  on  the  lower  end  with  two  eyes  by  which 
this  portion  of  the  apparatus  can,  by  means  of  a  wire  sling,  be 
suspended  from  the  scale.  In  addition  there  belong  to  the 
apparatus  a  small  funnel  with  rubber  tube,  which  rests  in  the 
ring,  Z>,  a  short  glass  tube,  b,  drawn  out  in  front  and  bent,  and 
another  glass  tube,  c,  with  a  cork  stopper.  Heating  iseflected 
by  means  of  the  alcohol  lamp,  H,  Determination  of  the  fatty 
acid  is  eflected  as  follows :  The  flask,  E,  is  flrst  tared  upon  a 
suitable  scale  and  exactly  25  grammes  of  the  soap  to  be  exam- 
ined are  then  introduced.  Hard^oaps  are  previously  cut  into 
small  narrow  strips,  soft  soaps  are  introduced  with  the  assist- 
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ance  of  a  glass  rod,  and  powdered  soap  preparations  by  means 
of  a  spatula  or  a  spoon.  About  100  cubic  centimeters  of  about 
10  per  cent,  sulphuric  acid  are  then  poured  into  the  flask ;  the 
latter  is  placed  upon  the  wire  net  of  the  ring,  £,  secured  in 
the  clamp,  C,  and  heated  by  means  of  the  alcohol  flame  until 
the  perfectly  clear   fatty  acid   floats  upon   the   acid  water. 


Fig.  64. 


wr 


When  the  decomposition  of  the  soap  and  separation  of  the 
fiatty  acid  have  in  this  manner  been  eflected,  the  tube,  6,  is 
fixed  to  a  and  the  tube,  c,  with  the  stopper  placed  upon  the 
flask.  Now  suck  a  few  times  with  the  mouth  on  c  to  draw 
back  into  the  flask  a  drop  of  fat  which  might  be  in  the  tube 
a,  or  suck  through  6  some  warm  water  from  a  beaker  into  the 
flask  whereby  the  drop  of  fat  may  also  be  brought  back  into 
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the  flask.  Now  press  off  slowly  through  b  the  bulk  of  the  sul- 
phuric acid  until  globules  of  fatty  acid  begin  to  ascend  in  the 
tube.  When  the  bulk  of  the  sulphuric  acid  has  thus  been  re- 
moved, suck  through  b  about  150  ccm.  of  water  into  the  flask, 
heat  somewhat,  and  wash  out  the  fatty  acid  by  shaking  from 
time  to  time.  When  this  operation  is  finished  remove  the 
tubes  b  and  c,  connect  the  rubber  tube  of  the  funnel  O  with 
tube  a,  and  place  the  upper  edge  of  the  funnel  at  such  a  height 
that  it  is  slightly  below  the  upper  edge  of  the  cylinder  F  aller 
it  has  been  placed  in  position  ;  this  cylinder  should  previously 
be  weighed.  The  running  over  of  the  cylinder  is  thus  pre- 
vented. Now,  through  the  funnel  (?,  bring  more  warm  water 
into  the  flask  E  until  all  the  fatty  acid  is  pressed  into  the  cyl- 
inder F.  Then  allow  the  apparatus  to  rest  until  the  fatty  acid 
in  the  cylinder  is  congealed.  If  the  nature  of  the  fatty  acids, 
as,  for  instance,  is  frequently  the  case  with  soft  soaps,  be  such 
that  they  do  not  congeal  at  the  ordinary  temperature  of  a 
room,  add  5  grammes  of  paraffin  or  stearin  before  placing  the 
cylinder  in  position.  Whed  the  fatty  acid  is  congealed  remove 
the  flask  together  with  the  cylinder  and  funnel  from  the  stand, 
place  it  upon  a  table,  and  lay  the  funnel  upside  down  in  a 
beaker.  Then  raise  the  cylinder  slightly  so  as  to  render  it 
possible  for  the  water  in  the  cylinder  to  run  ofl^  by  the  admis- 
sion of  air,  all  untidiness  being  thereby  avoided.  When  the 
water  has  been  run  off*,  remove  the  cylinder,  dry  the  inner  and 
outer  surfaces  of  the  cake  of  fat  by  dabbing  gently  with  filter 
paper,  and  again  weigh  the  cylinder. 

The  content  of  fatty  acid  in  the  product  under  examination 
is  found  by  a  simple  calculation.  Suppose  the  weight  of  the 
empty  cylinder  was  28.67  grammes  and  it  weighed  after  mak- 
ing the  analysis  with  the  use  of  25  grammes  of  substance, 
39.38  grammes,  then  the  content  of  fatty  acid  in  the  product 
examined  amounts  to  (39.38—23.67)  X  4  =  15.71  X  4  = 
64.84  per  cent,  fatty  acid,  or  62.84  X  0.967  =  60.77  per  cent 
fatty  acid  anhydride.  If  5  per  cent,  of  paraffin  or  stearin  has 
been  added,  it  has  of  course  to  be  deducted  before  multiply- 
ing by  4. 
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It  should  be  borne  in  mind  that  the  content  of  fatty  acid 
is  readily  found  too  low  if,  as  is  the  case  with  the  fatty  acids 
of  cocoanut  and  palmkernel  oils,  volatile  fatty  acids  are  pre- 
sent,  because  volatilization  of  the  latter  takes  place  on  drying 
at  a  higher  temperature.  The  above-mentioned  fatty  acids 
also  contain  water-soluble  fatty  acids  which  remain  dissolved 
in  the  acid  solution  of  alkaline  salts.  If  the  fatty  acid  mix- 
ture contains  non-saturated  fatty  acids  they  may  be  oxidized 
in  drying. 

The  result  of  the  determination  of  the  content  of  fatty  acid 
in  soaps  made  from  cocoanut  oil  or  palmkernel  oil,  or  from 
stocks  containing  these  fats  is,  as  previously  mentioned,  too 
low,  because  by  drying  the  separated  fatty  acids  at  212°  F.,  a 
considerable  portion  of  the  fatty  acids  of  these  oils  volatilizes. 
Hefelmann  and  Steiner  have,  for  instance,  shown  that  in  the 
case  of  cocoanut  oil  soap  with  a  content  of  65  per  cent,  fatty 
acid,  only  a  content  of  43J  per  cent,  was  found  after  drying 
the  fatty  acids  for  about  four  hours  at  212°  F.,  the  acid  num- 
ber having  at  the  same  time  been  reduced  from  257.2  to  205.6, 
which  proves  that  nearly  all  the  fatty  acids  of  lower  molecular 
weight  volatilize  at  212°  F.  The  above-mentioned  chemists 
therefore  propose  that  the  potash  soaps  be  weighed  instead  of 
the  fatty  acids.  Franz  Goldschmidt  proceeds  in  a  different 
way  :  From  a  large  piece  of  soap  the  fatty  acid  is  in  .the  usual 
manner  separated  and  washed.  The  isolated  fatty  acid  is 
mixed  with  anhydrous  sodium  sulphate,  which  has  proved  to 
be  an  excellent  drying  agent,  and  allowed  to  stand  overnight, 
at  the  ordinary  temperature  of  a  room,  because  at  a  tempera- 
ture of  above  97°  F.,  the  sulphate  can  no  longer  retain  the 
absorbed  water,  and  yields  it  again.  Hence,  if  the  fatty  acids 
are  solid  at  the  ordinary'  temperature  recourse  must  be  had  to 
dissolving  them  in  ether  and  drying  the  ethereal  solution  with 
sodium  sulphate.  After  standing  for  a  sufficient  length  of 
time  the  fatty  acid  or  its  ethereal  solution  is  fitered  through  a 
dry  filter,  the  ether  in  the  latter  case  being  evaporated  on  a 
water  bath  at  from  113°  to  122°  F.,  the  lower  fatty  acids  not 
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volatilizing  at  this  temperature.  Thus,  without  heating,  we 
have  an  actually  dry  unchanged  fatty  acid,  whose  acid  num- 
ber has  not  been  reduced  by  the  volatilization  of  fatty  acids 
of  lower  molecular  weights.  From  2  grammes  of  the  fatty 
acid  thus  prepared  the  acid  number  is  determined  in  the  usual 
manner.  For  the  actual  analysis  the  soap  is  dissolved  in 
water,  decomposed  in  the  separating  funnel,  and  the  fatty 
acid  shaken  out  with  ether.  After  washing  twice  with  water^ 
the  ether  solution  is  brought  into  an  Erlenmeyer  flask,  rinsed 
with  an  equal  volume  of  alcohol,  and  then  titrated  with  semi- 
normal  aqueous  lye.  '  Since  by  a  preparatory  experiment  it  is 
known  how  much  alkali  corresponds  to  one  gramme  of  fatty 
acid,  the  titration  directly  corresponds  to  the  content  of  fatty 
acid  in  the  soap.  It  is  advisable  to  determine  by  a  parallel 
experiment  the  consumption  of  alkali  of  the  alcohol-ether  used 
as  solvent,  and  at  the  actual  titration  to  deduct  the  volume  of 
alkaline  lye  consumed  for  the  neutralization  of  the  solvent. 

To  determine  whether  a  soap  contains  non-saponified  fat 
mix  the  finely  pulverized  sample  of  soap  with  sand,  and  after 
drying  at  212°  F.  extract  it  with  petroleum-ether.  The  resi- 
due remaining  after  the  evaporation  of  the  petroleum-ether 
may  consist  of  neutral  fat  or  hydrocarbons.  The  presence  of 
the  latter  might  be  due  to  the  fats  used  in  the  preparation  of 
the  soap  containing  mineral  oil,  or  hydrocarbons  having  been 
mixed  with  the  soap.  By  testing  the  residue  as  to  whether  it 
is  saponifiable  or  not,  its  nature  is  readily  established.  The 
statement  which  is  frequently  made  that  the  presence  of  free 
fat  is  indicated  by  the  unctuous  feel  of  the  soap  cannot  be  re- 
lied upon,  since  soap  in  the  preparation  of  which  cotton-seed 
oil  has  been  used,  shows  also  an  unctous  feel. 

The  question  whai  binds  of  fata  have  been  used  in  the  prepara- 
tion of  the  soap  is  very  diflBcult  and  frequently  impossible  to 
answer  by  the  chemist,  the  only  guides  being  the  determina- 
tion of  the  melting  points,  equivalents  of  saponification  and 
iodine  numbers  of  the  separated  fatty  acids.  The  determina- 
tion of  the  fatty  acid  with  the  assistance  of  wax  or  stearin  bet 
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ing  not  available  for  this  purpose,  another  sample  of  the  soap 
has  to  be  decomposed  by  means  of  acid  and  the  melting 
point,  equivalent  of  saponification  and  iodine  number  of  the 
resulting  fatty  acid  determined  by  the  methods  previously 
given. 

Determination  of  rosin, — The  presence  of  rosin  in  a  soap  is, 
as  a  rule,  readily  recognized  by  the  color  and  odor  of  the  soap. 
The  resinous  acids  can  with  certainty  be  established  by  the 
test  of  Liebermann-Storch.  The  fatty  acids  are  separated 
from  the  soap  by  means  of  sulphuric  acid,  dissolved  in  acetic 
anhydride  with  the  aid  of  a  gentle  heat,  and  the  solution  is 
allowed  to  cool.  A  little  sulphuric  acid  of  1.53  specific  grav- 
ity is  then  carefully  added  to  the  solution.  In  the  presence 
of  the  smallest  quantity  of  resinous  acid  a  reddish-violet 
coloration  appears ;  if  the  solution  be  warmed  this  coloration 
disappears  almost  immediately  passing  over  into  a  yellowish- 
brown.  Fatty  acids  do  not  give  the  violet  coloration,  but  it 
should  be  borne  in  mind  that  cholesterin  gives  a  similar 
color-reaction  with  sulphuric  acid  and  acetic  anhydride,  and 
may  be  present  in  the  mixture  of  fatty  acids.  It  may  be  re- 
moved before  separating  the  fatty  acids  by  shaking  the  soap 
solution  with  ether. 

The  quantitive  determination  of  the  rosin  in  a  soap  has  for  a 
long  time  been  a  difiicult  problem  to  chemists.  Gladding's 
test,  which  was  formerly  highly  recommended  and  is  based  on 
the  solubility  of  resinate  of  silver  and  the  insolubility  of  the 
oleate  of  silver  in  ether-alcohol,  is  not  reliable.  TwitchelFs 
test  is  more  accurate.  It  depends  upon  the  fact  that  by  the 
action  of  hydrochloric  acid  gas  fatty  acids  in  alcoholic  solution 
are  converted  into  ethyl  esters,  while  resinous  acids  under  the 
same  conditions  remain  unchanged.  The  test  is  executed  as 
follows :  Dissolye  2  to  3  grammes  of  the  mixture  of  resinous 
and  fatty  acids  in  10  times  the  volume  of  absolute  alcohol. 
Place  the  flask  containing  the  solution  in  ice-water,  keeping 
the  temperature  at  below  68®  F.,  and  introduce  a  moderate 
current  of  drj-  hydrochloric  acid  gas.  The  latter  is  at  first 
31 
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quickly  absorbed  ;  in  about  45  to  50  minutes  the  esters  formed 
separate  on  the  surface,  and  further  absorption  of  hydrochloric 
acid  gas  ceases.  The  flask  is  then  taken  fronr  the  cooling 
water  and  allowed  to  stand  for  half  an  hour,  when  the  con- 
tents are  diluted  with  ten  times  their  volume  of  water  and 
boiled  until  the  acid  solution  has  become  clear.  The  deter- 
mination of  the  resinous  acids  may  then  be  eflFected  by  gravi- 
metric or  volumetric  analysis. 

For  determination  by  the  gravimetric  method  add  a  little 
petroleum-ether  to  the  contents  of  the  flask,  then  bring  them 
into  a  separating  funnel,  rinse  the  flask  with  petroleum-ether, 
draw  off  the  acid  solution,  wash  the  layer  of  petroleum-ether, 
the  volume  of  which  should  be  about  50  ccm.,  with  water,  and 
shake  with  a  solution  of  5  grammes  of  caustic  potash  in  5  ccm. 
of  alcohol  and  50  ccm.  of  water.  The  rosin  is  saponified, 
while  the  soap  remains  in  aqueous  solution  and  complete  sep- 
aration of  the  two  layers  takes  place.  The  solution  of  the  rosin 
soap  is  then  run  off  and,  to  avoid  losses,  the  layer  of  petroleum- 
ether  is  repeatedly  washed,  first  with  an  excess  of  dilute  alkali 
solution,  and  finally  with  water.  The  rosin  soap  solution  is 
decomposed  with  dilute  hydrochloric  acid,  the  resinous  acids 
are  dissolved  in  ether,  ai^d  after  distilling  off  the  ether,  dried 
at  212®  F.,  and  weighed. 

For  the  determination  of  the  rosin  by  the  volumetric  method, 
bring  the  contents  of  the  flask  into  a  separating  funnel,  mix 
them  with  about  75  ccm.  of  ether  and  shake.  Then  draw  off 
the  acid  aqueous  solution,  wash  the  ethereal  layer  with  water 
until  acid  reaction  with  litmus  paper  disappears  and,  after 
adding  50  ccm.  of  alcohol,  titrate  with  semi-normal  caustic 
potash  solution  using  phenolphthalein  as  indicator.  The  fatty 
acid  esters  remain  unacted  upon,  and  the  resinous  acids  are 
calculated  with  the  adoption  of  an  equivalent  of  346. 

The  results  of  Twitchell's  test  are  also  not  quite  accurate, 
as  has  been  shown  by  Lewkowitsch  and  others.  The  sources 
of  error  lie,  according  to  D.  Holde,  in  the  partial  non-etheri- 
zation of  the  fatty  acids,  in  the  non-saponifiable  constituents 
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of\  the  rosin,  in  the  solubility  of  rosin  constituents  in  acid 
aqueous  liquids,  and  in  the  constituents  of  rosin  which  can- 
not be  titrated  with  dilute  lyes  in  the  cold,  but  are  only  saponi- 
fiable  by  boiling  with  stronger  lyes.     He  has,  therefore,  in 
collaboration  with  J.  Marcusson,  worked  out  a  new  process  for 
the  quantitative  determination  of  rosin,  which  is  based  upon 
a  combination  of  the  methods  of  Twitchell  and  Gladding. 
According  to  this  process  the  greater  portion  of  the  fatty  acids 
is  first  removed  by  being  converted  into  esters  according  to 
TwitchelPs  method,  and  the  separated  resinous  acids  are  then 
freed  from  the  principal  portion  of  the  non-esterized  fatty 
acids  according  to  Cladding's  method.     The  process  is  as  fol- 
lows :  Weigh  out  enough  of  the  soap  to  be  examined  so  that 
the  quantity  contains  about  5  grammes  of  fatty  acid  inclusive 
of  rosin  (weight  a)  and  boil  this  with  50  ccm.  of  alcoholic 
potash  solution  for  half  an  hour  with  an  inverted  condenser. 
Then  evaporate  the  alkaline  solution,  take  up  the  residue  with  ' 
water  and  decompose  with  hydrochloric  acid.     With  soaps 
which  contain  no  neutral  fat,  the  quantity  of  soap  weighed 
out  can  be  directly  decomposed  with  hydrochloric  acid  with- 
out previous  boiling  with   alcoholic  potash.      Extract  the 
separated  fatty  acids  with  ether,  neutralize  the  acid  solution, 
evaporate  it  to  about  26  ccm.,  acidify  with  dilute  hydrochloric 
acid  and  shake  up  with  ether.     Distil  off  the  solvent  from  the 
total  ethereal  extracts.     Dissolve  the  remaining  fatty  acids  in 
50  ccm.  absolute  alcohol  and  convert  them  into  esters  by  in- 
troducing a  moderately  strong  current  of  hydrochloric  acid 
gas  at  a  temperature  not  exceeding  50^  F.     Cooling  has  to  be 
effected  by  ice-water.     After  one  to  two  hours,  when  conver- 
sion into  esters  is  finished,  allow  the  flask  to  stand  for  about 
half  an  hour  longer  at  the  ordinary  temperature  of  the  room, 
then  rinse  the  contents  together  with  five  times  the  quantity 
of  water  into  a  large  Erlenmeyer  flask  and  boil  for  about  ^ 
hour  with  an  inverted  condenser.     Then  shake  up  the  cooled 
liquid  in  a  separating  funnel  first  with  100  ccm.  and  then 
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several  times  with  50  ccm.  of  ethyl  ether  *  until  no  more  col- 
oring constituents  are  extracted,  evaporate  the  aqueous  liquid, 
previously  neutralized  with  alcohol,  to  about  50  ccm.,  acidify, 
and  shake  up  several  times,  each  time  with  25  ccm.  of  ether 
until  the  layer  of  ether  becomes  colorless,  so  as  to  extract  the 
readily  soluble  constituents  of  the  rosin.  Shake  up  the  com- 
bined ethereal  extracts  with  about  50  ccm.  potash  lye  (10 
grammes  caustic  potash,  10  grammes  alcohol,  100  ccm.  water). 
Draw  oflf  together  with  the  potash  lye  the  brown  layer  which 
appears  between  the  ether  and  the  potash  lye,  and  which  is 
soluble  in  water.  It  contains  a  considerable  portion  of  the 
rosin  soaps  which  are  soluble  with  diflSculty  in  the  lye.  Next 
thoroughly  wash  f  the  layer  of  ether  first  with  water,  because 
the  rosin  soaps  dissolve  in  it  with  ease,  then  twice  with  10  ccm. 
potash  lye  and  finally  shake  out  with  water  until  the  latter 
remains  colorless.  For  the  removal  of  mechanically  adhering 
'  particles  of  ester  shake  the  combined  aqueous  and  alkaline 
extracts  with  50  ccm.  ether.  Lift  off  the  layer  of  ether  and 
shake  it  out  again  with  5  ccm.  potash  lye  and  combine  the 
latter  with  the  main  portion  of  the  alkaline  extract.  Now 
acidify  the  combined  alkaline  extracts  and  exhaust  with  about 
50  ccm.  ether  each  time.  Neutralize  the  acid  solution,  evapo- 
rate it  as  much  as  possible,  acidify  and  again  extract  with 
ether.  Now  combine  all  the  ether  extracts,  wash  with  20  ccm. 
water  and  distil  off  the  solvent.  The  resinous  acids  thus  ob- 
tained, which  are,  however,  still  contaminated  with  fatty  acids 
not  converted  into  their  esters,  are  weighed  in  a  tared  dish 
after  evaporating  the  remnants  of  ether  on  a  water  bath,  some 
absolute  alcohol  for  the  removal  of  water  being  if  necessary 
added. 

For  the  subsequent  operation  about  0.4  to  0.6  gramme 
(weight  by  of  the  acids  thus  obtained  is  dissolved  in  20  ccm. 

*  Dark  ozyacids  separating  out  in  ether  are  dissolyed,  after  running  off  the  ether, 
in  a  little  alcohol,  and  the  resulting  solution  is  added  to  the  ether  solution. 

t  In  some  cases,  as  for  instance,  in  the  presence  of  phjsetoleic  acid  and  much 
rosin,  washing  has  to  be  quite  frequently  repeated  untO  the  water  is  colorless. 
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of  95  per  cent,  alcohol  in  a  graduated  flask  having  a  capacity 
of  100  ccm.  If  a  smaller  quantity  than  this  of  acids  has  been 
obtained,  the  proportionate  quantities  of  alcohol-ether  mixture 
^iven  below  must  be  correspondingly  altered.  With  larger 
quantities  of  acids  the  entire  product  obtained  is  dissolved  in 
enough  95  per  cent,  alcohol  that  20  ocm.  of  the  solution, 
which  for  further  examination  can  be  withdrawn  by  means  of 
a  pipette,  contain  about  0.5  gramme  of  acid. 

The  solution  prepared  as  above  described  is  brought  into  a 
graduated  cylinder  holding  100  cubic  ccm.  and  whilst  being 
vigorously  agitated,  is  mixed  with  a  drop  of  phenolphthalein 
{if  the  solution  is  very  dark  2  to  3  drops  of  alkaline  blue  6  6 
are  taken)  and  sufBcient  drops  of  concentrated  aqueous  soda 
lye  (1  part  NaOHi2  parts  HaO)  until  an  alkaline  reaction  is 
just  produced.  The  cylinder  loosely  closed  is  then  for  a  short 
time  heated  on  the  water  bath.  The  contents  of  the  cylinder 
are  then  allowed  to  cool,  made  up  with  ether  to  100  ccm.,  and 
shaken.  One  gramme  of  powdered  and  dried  silver  nitrate 
is  then  added  and  the  whole  shaken  15  to  20  minutes  to  con- 
vert the  acids  into  silver  salts.  When  the  precipitate  consist- 
ing of  silver  oleate  has  thoroughly  settled,  for  which  purpose 
it  may  be  necessary  to  allow  the  mixture  to  stand  overnight, 
about  TO  ccm.  of  the  fluid  are  brought  by  means  of  a  pipette, 
and  if  necessary  with  the  assistance  of  a  Alter,  into  a  second 
graduated  cylinder  holding  100  ccm.  This  portion  is  thor- 
oughly shaken  up  with  20  ccm.  of  dilute  hydrochloric  acid 
{1  part  concentrated  hydrochloric  acid,  2  parts  water)  and  after 
<lrawing  ofi^  the  layer  of  ether,  the  aqueous  fluid  is  shaken 
twice  more,  each  time  with  20  ccm.  of  ether. 

The  combined  ethereal  extracts  are  now  shaken  with  about 
20  ccm.  of  water  for  the  removal  of  the  hydrochloric  acid, 
separated  from  the  water,  filtered  into  a  flask  and  freed  by 
distillation  from  the  greater  portion  of  the  ether.  The  residue, 
about  10  ccm.,  is  rinsed  into  a  weighed  dish  and  evaporated, 
and  is  finally  freed  from  moisture  and  adhering  solvent  by 
heating  for  a  short  time  to  from  230®  to  239°  F.,  until  the 
liquid  is  just  clear. 
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The  weight  c  of  the  residue  is  calculated  upon  the  total 
quantity  of  acid  b  used  for  the  Gladding  process,  i.  e.  if  70 
com.  of  alcohol-ether  solution  have  been  used  for  the  test  100 
ccm 

,      clOO  .      .  ., 

d  =  — TTv-  grammes  of  resinous  acids. 

The  value  d  thus  found  gives  either  directly  or  by  simple 
reduction  the  content  of  resinous  acids  in  the  quantities  of 
acids  obtained  according  to  Twitchell,  as  well  as  in  the 
quantity  originally  used  for  the  test.  From  d  results  the  per- 
centage e  of  resinous  acids  in  the  substance  originally  used  as 
follows : — 

dlOO 


e  = 


a 


As  the  quantity  of  resinous  acids  e  obtained  still  contains 
small  quantities  of  fatty  acid,  0.4  per  cent,  has  to  be  deducted 
as  a  mean  correction. 

When  the  quantity  of  rosin  as  above  determined  amounts 
to  less  than  20  per  cent.,  the  non-saponifiable  portion  of  the 
rosin  is  taken  into  account  by  the  correction  +  8  per  cent, 
on  the  quantity  of  rosin  found.*  The  resinous  acids  hav- 
ing been  found  according  to  the  foregoing  e — 0.4  per  cent., 
the  mean  content  of  rosin  f  is  calculated  according  to  the 
following  formula : — 

100   (e— 0.4) 


f  = 


92 


For  the  direct  determination  of  the  non-saponifiable  sub- 
stances in  the  presence  of  over  20  per  cent,  resinous  acid,  the 
ethereal  solution  of  the  esters  previously  obtained  is,  after 
complete  removal  of  the  resinous  acid,  saponified  with  25  ccm. 
of  normal  alcoholic  potash  lye.     The  soap  solution  is  com- 

*  Holde  and  Marcuason  found  in  an  American  rosin  8  per  cent,  of  non-saponi- 
fiable oonstituentB ;  other  statements  vary  between  5  and  15  per  cent. 
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pounded  with  150  ccm.  of  water  and  twice  extracted,  each 
time  with  150  ccm.  of  ether.  The  greater  portion  of  the 
ether  is  distilled  off  at  the  ordinary  temperature  of  the  room, 
since  at  a  higher  temperature  volatile  substances  escape. 
The  remaining  oily  residue  only  contains  small  quantities  of 
acid  soap,  which  is  removed  by  treatment  with  a  little 
alcoholic  potash,  slow  evaporation  of  the  alcohol  and  extraction 
with  petroleum-ether.  The  weight  of  the  residue  thus  puri- 
fied is  calculated  on  100  parts  of  the  quantity  of  substance 
used  and  added  to  the  amount  of  resinous  acids  e — 0.4  found. 
For  the  determination  of  rosin  in  soaps  which  contain  non- 
saponifiable  oils  the  quantity  of  sample  to  be  weighed  out  is  so 
adjusted  that  the  weight  of  the  fatty  acid  to  be  subsequently 
separated  amounts  to  about  5  grammes.  The  sample  is  sapon- 
ified with  the  addition  of  benzol  free  from  thiophene,  and  from 
the  soap  solution  thus  obtained  the  non-saponifiable  substances 
are  extracted  by  the  process  of  Spitz  and  Hoenig.  The  soap 
solution  is  brought  into  a  separating  funnel,  the  flask  which  * 
contained  it,  rinsed  first  with  50  per  cent,  alcohol  and  next 
with  50  ccm.  of  petroleum-ether  (boiling  point  up  to  122°  F.), 
The  contents  of  the  separating  funnel  are  vigorously  shaken 
and  then  allowed  to  rest ;  the  petroleum-ether  separates  quickly 
and  sharply  from  the  alcoholic  soap  solution.  The  latter  is 
drawn  oflF,  the  petroleum-ether  washed  twice  or  three  times 
with  50  per  cent,  alcohol,  each  time  with  10  to  15  ccm.,  and 
the  alcoholic  washings  are  combined  w*ith  the  original  soap 
solutions.  Extraction  of  the  soap  solution  with  petroleum - 
ether  is  repeated  until  the  ether  leaves  no  grease  spot  upon 
paper.  For  the  removal  of  the  small  quantities  of  soap  taken 
up,  each  of  the  petroleum-ether  extracts  is  washed  with  50  per 
cent,  alcohol.  In  most  cases  three  extractions  with  petroleum- 
ether  suffice ;  the  remaining  solution  of  rosin  and  fatty  soaps 
are  further  treated  as  previously  described.  Accurate  deter- 
mination by  the  gravimetric  method  of  the  non-saponifiable 
constituents  of  rosin  besides  the  non-saponifiable  oils  being  in 
this  case  not  always  possible,  Holde  and  Marcusson  add  the 
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roean  value  of  8  per  cent,  to  the  quantity  of  resinous  acid 
found. 

Determination  of  alkalies. — The  alkali  metal  of  a  soap  is  either 
potassium  or  sodium  or  a  mixture  of  both.  To  determine  the 
kind  of  alkali,  separate  the  fatty  acids  from  a  solution  of  soap 
and  test  with  alcoholic  solution  of  chloride  of  platinum  which, 
in  the  presence  of  potassium,  gives  a  yellow  precipitate.  The 
quantitative  determination  of  the  alkalies,  if  only  one  be 
present,  is  effected  by  the  alkalimetric  method.  Decompose 
the  soap  with  an  excess  of  normal  acid,  and  after  allowing  the 
fatty  acids  to  separate,  determine  the  quantity  of  acid  added 
in  excess  by  retitrating  with  caustic  alkali.  The  difference 
gives  the  quantity  of  acid  used  for  the  neutralization  of  the 
alkali  of  the  soap  and  from  it  the  quantity  of  the  alkali  itself 
is  found.  If  the  decomposition  of  the  soap  is  not  readily 
effected  by  the  acid,  add  some  spirit  of  wine,  which  dissolves 
the  soap  and  facilitates  its  decomposition.  Heating  or  boiling 
should  by  all  means  be  omitted.  Dissolve,  for  instance,  25 
grammes  of  grained  soap  in  hot  water,  add  66  ccm.  of  normal 
acid,  heat  to  separate  the  fatty  acid,  and  allow  to  cool.  After 
cooling  and  filtering  wash  the  fatty  acids  remaining  upon  the 
filter  with  hot  water. 

The  filtrate  is  titrated  back  with  normal  soda  lye,  methyl- 
orange  being  approximately  used  as  indicator.  Suppose  4 
ccm.  of  soda  lye  have  been  required  for  this  purpose,  then  for 
fixing  the  alkali  contained  in  25  grammes  of  soap  51  ccm. 
normal  acid  have  been  used,  hence  for  that  in  lOO  grammes 
of  soap  204  ccm.  Since  1  ccm.  normal  acid  corresponds  to 
0.031  sodium  oxide,  100  grammes  of  soap  contained  204  X 
0.031  =  6.324  Na,0. 

With  hard  soaps  the  alkali  is  generally  calculated  to  sodium 
oxide  Na^O,  and  with  soft  soaps  to  potassium  oxide  K^O,  no 
attention  being  paid  to  the  fact  that  hard  soaps  occasionally 
also  contain  potassium,  and  soft  soaps,  in  most  cases,  sodium. 
If  the  quantity  of  both  of  the  alkalies  is  to  be  found,  the  total 
alkali  in  a  sample  is  first  alkalimetrically  determined,  while 
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another  sample  is  decomposed  with  hydrochloric  acid  and  the 
potassium  in  the  solution  determined  with  platinum  chloride. 
From  the  potassium  found  and  the  total  quantity  of  alkali, 
the  sodium  is  then  calculated. 

Whether  a  soap  contains  free  alkali  is  recognized  by  adding 
to  its  alcoholic  solution  a  small  quantity  of  phenolphthalein 
which  produces  a  red  coloration ;  further  by  dropping  upon 
the  fresh  cut  surface  of  the  soap  a  small  quantity  of  mercuric 
chloride  which  produces  a  yellow  coloration,  or  a  small  quantity 
of  mercurous  nitrate,  which  gives  a  black  coloration.  The 
test  with  mercuric  chloride  is  however,  not  always  reliable,  as 
the  reaction  does  not  appear  when  the  soap,  in  addition  to  a 
small  content  of  caustic  alkali  or  alkaline  carbonate,  contains 
potassium  chloride  or  sodium  chloride,  In  the  case  of  a  dry 
soap  dabbing  a  freshly-cut  surface  of  it  with  alcoholic  phenol- 
phthalein solution  produces  a  red  coloration  only  when  the 
soap  contains  free  caustic  soda ;  if  the  soap  is  moist,  the  red 
coloration  ,may  also  be  caused  by  alkaline  carbonate,  silicate 
or  borate. 

To  determine  the  quantity  of  non-saponified  alkali  dissolve  5  to 
10  grammes  of  soap  in  alcohol  free  from  acid,  filter  and  rinse 
thoroughly  with  alcohol.  Titrate  the  filtrate  with  ^  normal 
sulphuric  acid,  using  phenolphthalein  as  indicator,  until 
discoloration  takes  place,  and  thus  find  the  content  of  free 
caustic  soda.  Wash  the  residue  collected  upon  the  filter 
several  times  with  water,  titrate  the  solution  with  -f^  normal 
acid  using  methyl  orange  as  indicator,  and  thus  determine  the 
quantity  of  alkaline  carbonate. 

Determination  of  filling  materials. — The  filling  materials 
used  for  soap  are  partially  salts  soluble  in  water,  especially 
potassium  chloride,  sodium  chloride,  potassium  sulphate, 
sodium  sulphate,  alkaline  carbonates  and  silicate  of  soda,  and 
partially  mineral  substances  insoluble  in  water,  such  as  talc, 
heavy  spar,  infusorial  earth,  etc.,  and  organic  substances,  such 
as  starch.  To  determine  admixtures  dissolve  the  soap  cut 
into  fine  shavings  in  8  to  10  times  its  quantity  of  90  per  cent. 
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alcohol  by  moderate  heating  on  a  water  bath.  Then  filter 
the  solution  and  after  washing  the  residue  with  alcohol  and 
drying  at  212°  F.,  weigh  it.  Only  transparent  soaps  pre- 
pared with  the  assistance  of  spirit  are  soluble  in  alcohol  with- 
out leaving  a  residue. 

The  residue  left  behind  by  filled  soaps  is  very  considerable. 
It  may  contain,  1.  Salts  soluble  in  water,  especially  the 
chlorides,  sulphates  and  carbonates  of  the  alkalies,  further 
silicate  of  soda,  borax,  etc.  2.  Mineral  substances  insoluble 
in  water,  such  as  chalc,  clay,  lime,  infusorial  earth,  etc.  3. 
Organic  substances  such  as  starch,  glue,  mucilage. 

To  determine  alkaline  carbonate^  silicate,  and  borate,  extract 
the  residue  with  cold  water.  Determine  in  one  portion  of  the 
filtered  solution  the  alkali  fixed  on  carbonic  acid,  silicic  acid 
and  boric  acid  by  titration  with  hydrochloric  acid,  using 
methyl  orange  as  indicator.  After  acidifying  the  liquid  with 
hydrochloric  acid  any  silicic  acid  derived  from  silicate  of  soda 
which  may  be  present  can  also  be  separated  by  evaporation. 
The  filtrate  obtained  after  the  separation  of  the  silicic  acid 
may  be  used  for  testing  for  boric  acid  by  moistening  with  it  a 
strip  of  turmeric  paper  and  drying  at  a  moderate  heat.  The 
aqueous  solution  of  boric  acid  possesses  the  characteristic  prop- 
erty, even  when  acidified  with  hydrochloric  acid,  of  producing 
on  drying  on  turmeric  paper  a  brown  red  spot  which,  when 
touched  with  ammonia,  changes  to  black-blue. 

When  the  residue  of  the  soap  contains  borax  or  silicate  of 
soda  besides  soda,  a  portion  of  it  may  be  used  for  ascertaining 
the  amount  of  soda  by  determining  the  carbonic  acid. 

Silicaie  of  soda  may  also  be  determined,  though  somewhat 
less  accurately,  by  dissolving  the  soap  in  water  and  decom- 
posing it  with  an  acid.  The  fatty  acids  float  on  the  top, 
while  the  silicic  acid  sinks  to  the  bottom  or  remains  sus- 
pended in  the  fluid.  It  is  collected  by  filtering,  washed,  dried, 
ignited  and  weighed  and,  according  to  Waltke,  calculated  into 
silicate  Na2Si409. 

Suppose  that  in  this  manner  in  5  grammes  soap  powder  0.5 
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gramme  silica  (SisOs)  has  been  found,  then  100  grammes  of 
the  powder  contain  10  grammes  SiO,.  Since  the  equivalent 
weight  of  SiO,  =  60,  that  of  4SiO  [=  240,  and  of  Na,Si,Oe  = 
302,  the  content  of  silicate  of  soda  is  found  from  the  deter- 
mined SiO,  by  the  formula :  302  =  10 :  X,  x  =  12.5  per  cent. 
When  sodium  carbonate,  sodium  silicate  and  sodium  borate 
are  present  side  by  side,  the  quantitative  determination  of  the 
three  combinations  may,  according  to  Waltke,  be  performed 
as  follows :  The  portion  of  3  to  5  grammes  of  the  sample 
which  is  insoluble  in  alcohol,  is  dried  and  weighed  until  its 
weight  remains  constant.  With  a  portion  of  the  residue  a  di- 
rect determination  of  carbonic  acid  is  made  and  in  the  re- 
mainder the  silicic  acid  is  separated  by  evaporation  with  hy- 
drochloric acid.  The  filtrate  from  the  latter  is  used  for  the 
determination  of  the  total  sodium  as  sodium  chloride  or  sodium 
sulphate.  The  quantity  of  sodium  corresponding  to  the  so- 
dium carbonate  and  silicate  is  deducted  from  the  total  quan- 
tity of  sodium,  and  the  balance  of  sodium  calculated  into  so- 
dium borate.  If,  besides  the  three  salts  above  mentioned, 
sodium  chloride  and  sodium  sulphate  are  also  present,  the 
quantities  of  these  must  also  be  taken  into  account  in  calcu- 
lating the  sodium  borate. 

To  ascertain  the  presence  of  sodium  chloride  and  Glauber^ s  salty 
chlorine  and  sulphuric  acid  are  determined  in  portions  of  the 
aqueous  extract  of  the  residue  of  the  soap  insoluble  in  alcohol 
by  precipitating  with  silver  nitrate  and  barium  chloride  re- 
spectively. The  content  of  chlorine,  and  consequently  also 
that  of  sodium  chloride  can,  according  to  Horn,  be  determined 
with  far  greater  accuracy  by  dissolving  the  soap  in  water,  sepa- 
rating the  fatty  acid  with  dilute  nitric  acid  and  precipitating 
the  filtrate  with  silver  nitrate.  For  determining  the  sul- 
phuric acid,  Horn  incinerates  the  soap,  extracts  the  ash  with 
hydrochloric  acid,  and  precipitates  with  barium  chloride. 

The  portion  of  the  residue  insoluble  in  water  is  ignited  to 
destory  th^  organic  substances,  and  the  a^h  may  then  be 
further    examined    both    qualitatively    and    quantitatively. 
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Regarding  the  determiruition  of  organic  substancef  cold  water 
extracts  the  dextrin  from  the  portion  insoluble  in  alcohol,  and 
it  can  be  again  precipitated  from  the  aqueous  solution  with 
alcohol.  By  effecting  precipitation  in  a  beaker  weighed  to- 
gether with  a  glass  rod,  and  stirring  vigorously,  the  dextrin 
deposits  on  the  sides  of  the  beaker.  Pour  off  the  fluid,  wash 
with  alcohol,  dry  the  beaker  with  the  dextrin  at  212®  F.,  and 
weigh. 

The  presence  of  starch  {potato  flow)  in  the  residue  insoluble 
in  alcohol  is  recognized  by  means  of  the  microscope  and  by 
the  blue  coloration  produced  with  iodine  solution.  If  starch 
is  present,  dry  the  residue  after  the  extraction  with  cold  water 
at  212®  F.,  weigh,  incinerate,  and  weigh  again.  The  differ- 
ence gives  approximately  the  content  of  organic  substances 
and,  in  the  case  of  others  not  being  present,  that  of  starch. 
Or,  to  convert  the  starch  into  sugar,  boil  the  residue  with 
dilute  sulphuric  acid,  constantly  replacing  the  water  lost  by 
evaporation,  neutralize  the  solution  with  barium  carbonate, 
filter,  and  determine  the  sugar  by  titrating  with  Fehling's 
solution.* 

According  to  Dr.  Karl  Bauer,  10  grammes  of  the  soap  are 
dissolved  in  a  porcelain  dish  with  the  assistance  of  heat  in  50 
ccm.  of  water,  the  fatty  acids  separated  by  the  addition  of  acid, 
and  after  cooling  the  cake  of  fat  is  lifted  out  and  carefully 
cleaned  by  squirting  with  water.  Add  to  the  aqueous  residue 
0.5  ccm.  of  pure  concentrated  sulphuric  acid  and  boil  for  about 
one  hour.  The  water  lost  by  evaporation  is  from  time  to  time 
replaced,  and  after  adding  0.5  ccm.  more  of  sulphuric  acid, 
boiling  is  continued  for  1  to  IJ  hours  longer.  By  boiling 
with  the  acid  the  starch  is  converted  into  sugar,  which  may 

*  Fehling's  solution  is  prepared  by  dissolving,  on  the  one  hand,  34.639  grammeB 
of  ciystallized  cupric  sulphate  in  water,  and  diluting  the  solution  to  500  ocm. 
and,  on  the  other  hand,  dissolving  173  grammes  sodium  potassium  tartrate 
(RocheUe  salt)  and  50  grammes  caustic  soda  to  make  500  ccm.  For  use  mix 
equal  parts  of  the  solutions.  1  ccm.  of  the  solution  ready  for  use  corresponds  to 
0.005  sugar. 
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be  determined  by  titrating  with  Fehling's  solution.  Neu- 
tralize the  fluid  with  potash  lye  and  bring  it  up  to  exactly 
200  com.  Heat  50  ccm.  of  this  fluid  in  a  dish  to  the  boiling 
point  and  run  in  from  a  burette,  Fehling's  solution,  which 
will  produce  a  red  precipitate.  Allow  to  cool  and  test  the 
supernatant  fluid  for  copper.  This  is  done  by  bringing  by 
means  of  a  glass  rod  a  drop  of  the  supernatant  fluid  upon  a 
porcelain  plate  and  carefully  adding  a  drop  of  potassium  fer- 
rocyanide  solution  (1 :  20)  acidified  with  acetic  acid.  On  the 
point  of  contact  of  the  two  drops  a  zone  of  only  a  very  slight 
red  brown  color  should  be  formed.  The  remaining  150  ccm. 
are  used  for  controlling  titrations. 

If,  for  instance,  11.12  grammes  of  soap  have  been  taken  for 
the  test  and  for  50  ccm.  of  the  sacchariferous  fluid  7.1  ccm.  of 
Fehling's  solution  have  been  used,  hence  for  200  ccm.  28.4 
ccm.,  then,  since  1  ccm.  corresponds  to  0.005  sugar,  28.4  X 
0.005  =  0.142  sugar.  For  calculating  to  starch  the  number 
has  to  be  multiplied  by  0.9;  we  have  thus,  0.142  X0.9  = 
0.1278  starch.  Since  potato  flour  contains  about  20  per  cent, 
foreign  substances,  such  as  ash,  nitrogenous  substances,  and 
moisture,  Braun  adds  the  fifth  part  of  the  number  found,  the 
result  being,  therefore,  0.1278  +  0.0256  =  0.1534,  and  ac- 
cording to  the  proportion  :  11.12  : 0.1534  =  100  :  x,  x  =  1.378 
per  cent,  starch  in  the  soap. 

To  determine  the  piesence  of  glue,  the  portion  of  the  soap  in- 
soluble in  alcohol  is  extracted  with  hot  water.  The  solution 
will  gelatinize  on  cooling  and  gives  no  precipitate  with  tannic 
acid. 

The  presence  of  petroleum  is  ascertained  by  moderately  heat- 
ing the  soap  on  a  water  bath  or  on  a  sand  bath,  whereby  the 
petroleum  distils  ofi:  When  a  sufficient  quantity  of  soap  has 
been  subjected  to  distillation,  the  distillate  can  be  measured, 
or,  after  separating  the  water  carried  over  with  it,  measured. 

Determinaiion  of  glycerin.  Dissolve  about  25  grammes  of  the 
soap  to  be  examined  in  hot  water,  and  compound  the  solution 
with  dilute  sulphuric  acid  until  acid  reaction  takes  place. 
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Then  melt  the  fatty  acids  together  with  wax,  and  after  cool 
ing,  lift  off  the  cake  of  fat,  accurately  neutralize  the  fluid  with* 
sodium  carbonate  and  evaporate  it  to  dryness  on  a  water  bath. 
Treat  the  residue  which  consists  of  sodium  sulphate  and  glyce- 
rin with  alcohol,  whereby  the  sodium  sulphate  remains  undis- 
solved behind.  Filter  the  alcoholic  solution,  then  evaporate, 
again  treat  the  residue  with  alcohol,  again  filter  the  solution 
and  evaporate  it  in  a  platinum  dish  on  a  water  bath.  Great 
accuracy  cannot  be  claimed  for  this  method  on  account  of  the 
volatility  of  the  glycerin.  For  a  more  accurate  determination 
of  the  glycerin,  dissolve,  according  to  the  suspected  content 
of  glycerin,  1  to  10  grammes  of  the  soap  in  water,  or,  if  or- 
ganic substances  insoluble  in  water  be  present,  in  methyl  al- 
cohol. Filter  the  solution,  and  after  evaporating  the  methyl 
alcohol,  if  used,  separate  the  fatty  acid,  and  then  proceed  with 
the  acid  filtrate  in  the  same  manner  as  for  the  determination 
of  glycerin  in  fats. 

Grained  soaps  contain  no  glycerin,  or  only  a  very  inconsid- 
erable quantity  of  it ;  soaps  prepared  by  the  cold  process  con- 
tain about  5  per  cent.  If  a  soft  soap  contains  no  glycerin  it 
is  an  indication  that  it  has  been  boiled  from  fatty  acids.    * 

Determination  of  sugar, — Sugar  in  considerable  quantities  is 
contained  in  cheap  transparent  soaps.  The  quantitative 
determination  of  cane  sugar  may  be  effected  either  by  inver- 
sion with  Fehling's  solution,  or  polarimetrically.  For  the 
first  process  the  hot  aqueous  solution  of  a  weighed  quantity  of 
the  sample  is  heated  with  as  small  an  excess  as  possible  of  } 
normal  sulphuric  acid,  the  fatty  acids  are  separated,  the 
aqueous  solution  is  neutralized  and  concentrated  to  about  76 
ccm.  This  solution  is  in  the  usual  way  inverted  with  hydro- 
chloric acid,  and  the  inverted  sugar  gravimetrically  deter- 
mined with  Fehling's  solution. 

Polarimetrically,  Wilson  proceeds  as  follows :  10  grammes 
of  soap  are  dissolved  in  150  ccm.  of  water  at  112®  F.,  and 
saturated  solution  of  magnesium  sulphate  in  small  excess  is 
added  drop  by  drop  whilst  constantly  stirring.     The  mag- 
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nesium  soap  is  then  filtered  off  through  a  purified  filter,  and 
washed  with  hot  water  cbntaining  magnesium  sulphate. 
The  filtrate  which  is  generally  somewhat  alkaline  is  nearly 
neutralized  with  dilute  nitric  acid,  evaporated  to  about  40 
ccm.y  allowed  to  cool,  slightly  acidified  with  a  few  drops  of 
dilute  nitric  acid,  clarified,  as  usual,  with  lead  acetate  and, 
after  filtering  polarized. 

In  the  presence  of  both  glycerin  and  cane  sugar  Donath 
and  Mayrhofer  recommended  to  add  to  the  solution  contain- 
ing both  substances,  slaked  lime  for  the  formation  of  calcium 
saccharate  and  ignited  sand,  then  to  evaporate  and  extract 
the  residue  with  a  mixture  of  equal  volumes  of  alcohol  and 
ether.     The  solution  contains  all  the  glycerin. 

Detemdnation  of  alcolioL — Transparent  soaps  being,  at  the 
present  time,  prepared  with  alcohol  as  well  as  without,  it 
may  sometimes  be  important  to  know  whether  a  soap  con- 
tains alcohol.  For  its  determination,  mix,  according  to 
Valenta,  50  to  60  grammes  of  the  soap  to  be  examined  with 
pumice  stone,  and  distil  on  a  paraffin-bath,  first  at  230^  F. 
and  then  at  248®  F.  With  the  distillate  the  iodoform  test  is 
made,  which  is  executed,  according  to  Hager,  as  follows :  The 
fluid  to  be  tested  is  compounded  with  5  to  6  cubic  centimetres 
of  a  10  per  cent,  potash  solution,  and  after  heating  to  from 
104°  to  122°  F.,  16  to  20  per  cent,  potassium  iodide  solution 
saturated  with  iodine  is  added  until  the  fluid  assumes  a  yel- 
low-brownish color.  If  the  color  does  not  appear  on  shaking, 
add  by  means  of  a  glass-rod  just  sufficient  potash  lye  entirely 
to  decolorize  the  fluid.  Immediately,  or  after  standing  a 
short  time,  yellow  crystals  of  iodoform  are  separated  out, 
which,  when  viewed  under  the  microscope,  present  a  star-like 
appearance  or  one  of  hexagonal  tablets. 

Determinaiian  of  essential  oils, — The  separation  of  essential 
oils  used  for  perfuming  can,  according  to  Barfoed,  be  efiected 
by  two  methods :  Extract  the  soap  at  an  ordinary  temperature 
with  ether,  filter  through  a  filter  moistened  with  ether,  and 
rinse  off  with  the  same  liquid.     Shake  the  solution  with  water 
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to  remove  any  soap  which  may  have  passed  into  it,  and  then 
evaporate.  Ovy  dissolve  the  soap  in  water,  add  to  the  solution 
a  small  quantity  of  sulphuric  acid  to  prevent  strong  foaming, 
and  distil  off  the  essential  oil  with  steam.  From  the  dis- 
tillate the  oil  is  collected  by  shaking  with  ether.  The  nature 
of  the  oil  is  recognized  by  the  odor. 

For  the  quantitative  determination  of  iurpefntine^  the  soap, 
according  to  Dr.  Earl  Braun,  is  dissolved  in  water  in  a  flask ^ 
saturated  with  sulphuric  acid  and  distilled  for  about  one  hour. 
The  distillate  is  caught  in  a  graduated  cylinder  and  the 
quantity  of  turpentine  which  collects  over  the  water,  read  off. 

Determination  of  carbolic  acid. — ^The  determination  of  carbolic 
acid  (phenol  and  cresol)  is,  according  to  Lewkowitsch,  made 
as  follows :  Weigh  out  a  larger  quantity  of  the  sample,  about 
100  grammes,  dissolve  it  in  hot  water,  and  add  enough  soda 
lye  for  the  solution  to  become  strongly  alkaline.  Next  sepa- 
rate the  soap  by  the  addition  of  common  salt,  filter  off  the 
grain,  and  wash  the  soap  with  common  salt  solution.  The 
solution,  which  now  contains  the  phenol  and  cresol  as  sodium 
salts,  is  evaporated  and  any  dissolved  soap  precipitated  by 
again  adding  common  salt.  Now  filter  again,  evaporate  to  a 
small  quantity,  bring  the  solution  into  a  graduated  cylinder 
holding  from  50  to  100  ccm.,  add  enough  common  salt  that 
some  of  it  remains  dissolved  and  acidify  with  sulphuric  acid. 
The  volumes  of  the  separated  phenols  are  read  off,  the  num- 
ber of  cubic  centimeters  being  taken  into  account  as  so  many 
grammes. 

Determination  of  ammonia, — According  to  Dr.  Karl  Braun^ 
about  5  grammes  of  soap  are  accurately  weighed  out  and 
brought  into  a  flask  holding  1  j^  liters.  Soft  soaps  are  weighed 
upon  a  piece  of  paper  previously  weighed,  and  dissolved  in 
about  50  ccm.  of  water.  The  flask  is  connected  with  a  Liebig 
condenser  placed  obliquely.  The  condenser  is  furnished  with 
a  connecting  pipe  fitting  air-tight,  which  projects  into  a  re- 
ceiver containing  100  ccm.  -j^  normal  hydrochloric  acid.  A 
large  beaker  may  serve  as  receiver.     When  the  apparatus  has 
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been  put  together,  strong  soda  lye  or  potash  lye  is  added  to 
the  soap  solution  in  the  flask  until  the  fluid  reacts  strongly 
alkaline  and  the  soap  floats  as  grain  on  top.  After  ascertain- 
ing that  all  the  corks  are  tight,  the  flask  is  heated  for  about 
IJ  hours.  The  stronger  soda  lye  drives  out  the  weaker  am- 
monia. The  latter  is  immediately  fixed  by  the  hydrochloric 
acid  in  the  receiver,  ammonia  chloride  being  formed.  An  in- 
dicator is  added  to  the  hydrochloric  acid  in  the  receiver,  coch- 
ineal tincture  *  being  very  suitable  for  this  purpose.  If  the 
red  coloration  should  change  to  violet,  add  about  50  ccm.  of 
hydrochloric  acid.  After  boiling  for  1 J  hours  it  may  be  sup- 
posed that  all  the  ammonia  has  been  carried  over.  Now  care- 
fully detach  from  the  condenser  the  connecting  pipe  that  pro- 
jects into  the  receiver  and  test  with  red  litmus  paper  as  to 
whether  the  distillate  still  reacts  alkaline.  If  such  be  the  case, 
distillation  must  be  continued  ;  if  the  litmus  paper  remains 
unchanged,  the  flame  under  the  flask  is  removed.  Care  must 
be  taken  to  see  that  bubbles  of  foam  are  not  carried  over,  as 
otherwise  the  determination  becomes  inaccurate.  The  connect- 
ing pipe,  after  it  has  been  detached,  is  rinsed  with  water  and 
the  distillate  is  allowed  to  cool.  Then  titrate  with  iV  normal 
potash  lye  until  the  appearance  of  a  violet  coloration  and  note 
the  number  of  cubic  centimeters  used. 

Suppose  5.67  grammes  of  substance  have  been  used. 

In  the  receiver,  100  ccm.  yV  HCl, 
Titrated  back,      17  ccm.  ^^^  KOH, 
Used,  83  ccm.  yV  Hcl. 

Since  1  ccm.  yV  HCl  =  0.0017  NH3,  83  ccm.  HCl  =  0.0017 

X  83  =  0.1411  NH3.  Hence  the  content  of  ammonia  in  per- 
cents  results  from  the  formula : 

•Cochineal  tincture  is  prepared  by  pouring  30  grammes  of  alcohol  and  70 
grammes  of  water  over  10  grammes  of  cochineal.  Heat  to  about  122^  F.,  allow 
to  stand  several  days  to  settle,  and  filter. 

32 
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5.67  : 0.1411  =  100  :x  hence  x  =  2.48  per  cent,   ammonia 

(NH,), 
or  calculated  upon  ammonia  chloride,  since  1  ccm.  ^  HCl  = 
0.00535    NH4CI,   X  =  7.83   per  cent,    ammonium    chloride 
(NH.Cl). 
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ABIETIC  acid,  136 
Acid  saponification,  125 
Acme  remelter,  397,  398 
Adeps  lanae,  89 

use  of,  for  toilet  soaps,  393, 
394 
Aiken  power  cutting  table,  202,  203 

slabber,  200 
Air,  bleaching  oil  by  exposure  to,  50 
Alabaster  natural  fig  soap,  343,  344 
Albumen,  soap  with,  228,  229 
Alcohol,  determination  of,  in  soap, 

495 
Alcohols  of  the  fatty  group,  17,  18 
Algiers,  preparation  of  soap  in,  2 
Alkalies,  138-160 

determination   of   eflFective   sub- 
stance in,  166- 
174 
in  soap,  488,  489 
refining  oils  with,  49 
Alkalimetry,  162-174 
Alkaline   action   of  soap,   means  of 
correcting  the,  228,  229 
borate,  test  for,  in  soap,  490 
carbonate,  test  for,  in  soap,  490 
carbonates,    calculation    of,    for 
fatty  acids,  131-133 
conversion  of,  into  alkaline 

hydrates,  138 
detection  of,  in  fats  and  oils, 

55 
saponification  of  fatty  acids 
by,  130-133 
hydrates,  conversion  of  alkaline 

carbonates  into,  138 
salts,  14 
silicate  compositions,  303,  304 

test  for,  in  soap,  490 
stearates,  14 

sulphides,  saponification  by,  221, 
222 
Almond  blossom  soap,  423 
oil,  116 

bitter,  445,  446 

artificial,  446 
properties  of,  116 
saponification  of,  116 


Alpine  flower  soap,  391 
Alum,  adulteration  of  lard  with,  85 
detection  of,  in  fats  and  oils,  55 
Ambergris,  468  * 

tincture,  472 
Ammonia,  action  of,  upon:  fats,  21 
-soap  process,  saponification   of 
fatty   acids  according  to  the, 
225,  226 
soaps,  dissociation  of,  43 
-soda  ash,  use  of,  for  the  manu- 
facture of  sal  soda,  145-147 
process,  141,  142 
test  for,  in  soap,  496M198 
Angelica  oil,  443 

Animal  charcoal,  bleaching  oil  with, 
52 
fats,  77-90 

occurrence  of,  46 
purifying  of,  47 
Anise  oil,  443 
Anisic  aldehyde,  470 
Apollo  soap,  255-257 
Arsenic  soap,  436,  437 
Artificial  bitter  almond  oil,  446 
fig  soap,  331-335 
perfumes,  469-471 
soda, 140-142 
wintergreen  oil,  459 
Aubepine,  470 
Autoclave  saponification,  23,  24 


soap,  398,  399 


BALSAMS  and  resins,  460-468 
Bambuk  butter,  101 
Bares  wil  on  refining  oils,  49 
Barilla,  140 
Barium  oleate,  16 

stearate,  14 
Barrels,  steamer  for  emptying,  218 
Basil  oil,  444 
Bassiaoil,  101,  102 
Bauer's  test  for  starch  in  soap,  492, 

493 
Beef  tallow,  77 
Beet  root  molasses,  potash  from  the 

carbonized  residue  of,  157,  158 
Benedikt  and  Zsigmondi's  method  of 

determining  the  glycerin  in  a  fat, 

75,76 
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Benzoin,  460,  461 
soap,  438 
tincture,  472 
Bergamot  oil,  444 

soap,  391 
Berthelot,  investigations  of,  24 
Berzelius  on  the  detergent  action  of 

soap,  43,  44 
Bitter  almond  oil,  445,  446 

artificial,  446 
soap,  genuine,  390 
Bjoerklund«s    test    for    detection    of 

tallow  in  cocoa  butter,  105 
Black  ash,  141 

rosined  soap,  264,  265 
Blanchard  mill,  379 

soap  powder  crusher,  378 
Bleaching  oils  and  fats,  49-52 
palm  oil,  94-97 
rosin,  137 
soap,  354 
soda,  381 
tallow,  79.  80 
Boiling  Eschweg  soap   with   steam, 
290,  291 
natural  fig  soap,  340-343 
soaps,  2ir>-221 

soft  soaps  with  a  mother-of-pearl 
luster,  347,  348 
Bolley's  process  of  bleaching  palm 

oil,  97 
Bone  fat,  86-88 

bleaching  of,  87 
properties  of,  87 
yield  of  soap  from,  88 
Bones,  extraction  of  fat  from,  46 
Borax  soap,  422 

super-fat,  436 
Borchardt's  herb  soap,  421 
Bouis*s  method  of  determining  the 

melting  point  of  fats,  59 
Bouquet  soap,  391,  392,  399 
Braun  K.,  on  rendering  soap  neutral, 
229 
O.,  method  of  detecting  carbon- 
disulphidein  oil  by,  76 
British  barilla.  140 
Brix's  hydrometer,  57 
Brown  artificial  fig  soap,  335 

rosined  soap,  319 
Brucic  acid,  13 
Burette,  164,  165 
Butyric  acid,  13 

pAKE  cutters,  413,  414 
Ly     Calabar  palm  oil,  98 
Calcium  chloride,  bleaching  oils  and 
fats  with,  51 


Calcium  hydrate,  181,  208 
monoxide,  180,  181 
stearate,  14 
Cameline  oil,  118 
Cameroon  palm  oil,  98 
Camphor  soap,  399,  438 

-sulphur  soap,  super-fat,  436 
Cananga  oil,  460 

soap,  421 
Caraway  oil,  446 
Carbol-glycerin  soap,  439 
Carbolic  acid,  test  for,  in  soap,  496 

soap,  438,  439 
Carbon  disulphide,  detection    of,  in 

oil.  76 
freeing    palmkernel    oil 
from,  101 
Carbonate  saponification,  130-135 

olein   soap   by,  254, 

255 
palmitin    soap    bv, 

253,  254 
soap  from  fuller's  fat 
by,  258,  259 
Carbonates,  calculation  of,  for  fatty 

acids,  131-133 
Cassia  oil,  446,  447 
Castile  soap,  244-249 
Castor  bean,  decomposition  of  fats  by 
the  ferment  contained  in  the. 
27,  28 
oil,  111,  112 
determination  of  value  of,  112 
iodine  number  of,  HI 
properties  of,  111 
saponification  of,  112 
number  of.  111 
Caustic  potash,  138,  160 

preparation  of  lye  from^ 
209-211 
soda,  138,  148-152 

calculation  of,  for  lye,  272, 

273 
determination   of  by  alkali- 
metry, 161,  170,  171 
manufacture  of,  149-152 
mode  of  packing,  149 
preparation  of  lye  from,  20^ 
211 
Cedar  wood  oil,  447 
Cetyl  alcohol,  12,  17 
Ceylon  cocoanut  oil,  92 
Chalc  figging,  331 
Chateau  and  Calvert's  method  of  test- 

ing  oils,  69 
Checking  apparatus,  130,  131 
Chemical  agents,  bleaching  palm  oil 
with,  97,  98 
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Chemical  analysis,  163 

compound,  formation  of  a,  162, 163 
methods  for  the  examination  of 
fats,  63-76 
Chevreul,  discovery  by,  5 

effect  of  water  upon  soap  accord- 
ing to,  33 
investigations  of,  11 
on  the  detergent  action  of  soap, 
43 
China  soap,  392 
Chinese  tallow,  103,  104 
Choice  lard,  84 
Cholesterin,  12,  17,  18 
Chromic    acid,   bleaching    palm   oil 

with,  97 
Cinnamon  oil,  447 
Citronella  oil,  447,  448 
Civet,  468,  469 

tincture,  472 
Clear  boiling,  233 

Clothes,  cleaning  of  in  Homer's  time,  1 
Cloves,  oil  of,  448 
Cochin  China  cocoauut  oil,  92 
Cochineal  tincture,  497 
Cocoa  butter,  105 

adulterations  of,  105 
iodine  number  of,  105 
saponification   number  of, 
105 
stearin,  detection    of  in    cocoa 
butter,  105 
Cocoanut  oil,  91-93 

iodine  number  of,  91 
properties  of,  91 
saponification  of,  91,  92 
number  of,  91 
varieties  of,  92,  93 
Cohesion  figures  of  oils,  57 
Cold  cream  soap,  421 

-stirred  shaving  soap,  429 
Coloring  Eschweg  soap,  291 
floating  soap,  427 
mottled  soap,  309 
toilet  soap,  418-420 
Colza  oil,  120,  121 
Common  salt,  182,  183 

solutions,  table  of  ^ecific 
gravities  of,  183 
Congealing  point  of  fats,  determina- 
tion of,  00-63 
Connstein,  Hoyer,  and  Wartenberg, 

investigations  of,  27,  28 
Coprah,  46,  91 
oil,  92,  93 
refining  of,  93  ! 

Com  oil,  120  I 

iodine  number  of,  120 


Corn  oil,  saponification  number  of,  120 

Cottonseed  oil,  112-116 

bleaching  of,  50 
crude,  refining  of,  113 
iodine  number  of,  113 
properties  of,  113 
saponification  of,  114 

number  of,  113 
stearin,  115,  116 

adulteration  of  tallow  with, 
82 

Creolin  soap,  439 

Crutchers,  190-lfi3 

Cryolite  soda,  142 

Crystallized  soda,  143-147 

Cumarin,  470 

Curbing  apparatus,  130,  131 

Curd,  206 

Cutter  and  stamper,  combined,  202 

Cutting  tables,  202,  203 

DALICAN*S  method  for  determin- 
ing the  congealing  point  of  fats« 
61,  62 
Deckan  and    Maben,   investigations 

of,  34 
Deliquescent  substances,  177 
De  Milly  and  Motard  improvement 
in  the  manufacture  of  fatty  acids 
by,  22,  23 
Descroizilles'     degrees    in    grading 

soda,  153 
Dikaoil,  106 

detection  of,  in  cocoa  butter, 
105 
Dirks  on  the  use  of  Bassia  oil  for 

soap,  102 
Disc-chippers,  406 

Disinfecting  hands,  pumice  soap  for, 
437 
washing  powder,  386 
Domestic  soap,  white,  313 

soaps  by  the   cold  process  and 
semi-warm  process,  311-320 
cheaper,  stocks  for,  313,  314 
filling  of,  812 
rosined,  315-310 
Double  rack  hand-cutting  table,  201, 

202 
Dressing,  heavy,   grained  soap  for, 

367-369 
Dreymann,  C,  patent  of,  224 
Droux,  apparatus  by,  for  the  recovery 
of   glycerin   from    spent    lye, 
241 ,  242 
on  soap  in  Algiers,  2 
Drving  room,  204,  205 
'  soaps,  204,  205 
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DuUo  on  saponification  with  alkaline 

sulphides,  221 
Dunn,  A.,  patent  of,  6 
Dupuis'    method    of    finishing    and 

polishing  soap  cakes,  417 
Dye-stuffs  for  coloring  toilet  soaps, 

418-420 

RAGLE  soap,  390 
Earth-nut  oil,  109,  110 
Economy  soap,  319,  375,  376 
Efflorescent  substances,  177 
Egg  soap,  422 

Eggs,  white  of,  soap  with,  228,  229 
Elaidin  test,  63 
Elain,  white,  127,  128 
Elder  flower  soap,  420 
Electra  washing  powder,  386 
Electrical  conductibilitv  of  oils,  use 

of,  for  testing,  62,  63  " 
Electrolysis,  production  of  soda  by, 

142 
Electros,  washing  powder   for,  381, 

388 
Emulsion,  formation  of  an,  9 
England,  fuller's  earth  in,  1 

introduction  of  soap  making  in,  3 
English  method  of  grading  soda,  152, 

153 
Engine  oil,  106 
Eschweg  soap,  206,  207,  283-291 

by  the  direct  way,  289, 
290 
indirect   way, 
287-289 
coloring  of,  291 
Ess- bouquet  soap,  422 
Essential  oils,  443-460 

and  other  materials  for 

perfuming  soaps,  442- 

473 

test  for,  in  soap,  495,  496 

Eucalyptus  oil,  448 

Evrad*s  process  of  rendering  tallow, 

78 
Examination  of  fats  and  fat  oils,  53- 
76 

FAMILY  soaps,  milled,  423,  424 
Fancy  soap,  394 
Fat  lime,  180 
Fats,  8-21 

and  fat  oils,  bleaching  of,  49-52 
examination  of,  53-76 
new,  introduction  of,  5 
occurrence  and  manner 
of  obtaining  and  puri- 
fying, 46-52 


Fats  and  fat  oils,  sampling  of,  54 

lyes  for  saponification  byt  he 
cold  process,  311-^13 
chemical  constitution  of,  10-12 
decomposition  of,  by  the  ferment 

in  the  castor 
bean,  27,  28 
with  alcoholic 
potassium, 
20,  21 
determination  of  kind  of,  used  in 
the  preparation  of  soap,   480» 
481 
distribution  of,  46 
division  of,  9 

elementary  composition  of,  10 
fat  oils,    fatty  acids,  and  rosin 
used    in    the    manufacture   of 
soap,  77-137 
fluid,  expansion  of,  by  heat,  9 
for  milled  toilet  soaps,  400 

lye     for     the 
saponifica- 
tion of,  401 
mottled  soaps,  306 
soft  soap,  321 
nature  of,  8-10 
neutral,  behavior  of,  in  aqneous 

solution,  37,  38 
rancidity  of,  90 
saponification  of,  19-21 

below      boiling 
heat,  216,  216 
Fatty  acid,  determination  of  content 
of,  in  soap,  475-480 
washing  powder  with  a  high 
content  of,  382,  383 
acids,  12-14,  122-135 

calculation  of  carbonates  for,. 

131-133 
determination  of  neutral  fat 

in,  73,  74 
free,    determination    of,    in 

oils,  71-73 
manufacture  of,  22-29 
saponification  of,  according 
to  the  ammonia-soap 
process,  225,  226 
by  alkaline  carbonates, 

130-133 
with    silicate    of  soda» 
228-228 
working  of,  129-136 
group,  alcohols  of,  17,  18 
Fehling's  solution,  492 
Fennel  oil,  448.  449 
Fig  soap,  artificial,  331-335 
natural,  336-345 
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Fig  soap,  natural,  boiling  of,  340-^48 
from  olein  and  tallow,  878- 

376 
stocks  for,  337,  388 
with  stearin,  344,  345 
Figginff,  336 

artificial,  331 
Pilling  domestic  soaps,  312 
Bschweg  soap,  286 
grained  soaps,  280-282 
lye,  356 
materials,  281,  283 

determination    of,    in    soap, 

489-402 
for  paste  soaps,  294,  295 
soil  soaps,  355,  356 
settled  soaps,  282,  283 
soft  soaps,  354-357 

with  potato  flour,  356,  357 
Pine  soda,  147,  148 
Finishing  and  polishing  soap  cakes, 

417,  418 

Finkener's  apparatus  for  determin- 
ing the  Ullow  titre,  80,  81 
method  of  testing  oils,  70, 71 
Fish  oils,  89,  90 

tallow,  89,  90 
Fisher's  oil  balance,  57 
Flask,  164 
Floating  soap,  424-427 

coloring,  427 
perfuming,  427 
Fluorescein  for  coloring  toilet  soaps, 

418,  419 

Foots,  utilization  of,  121,  122 
Forster's  washing  powder,  387,  388 
Frames,  193-197 
iron,  196,  197 

pivot  truck  and  plates  for,  195, 
196 
Prance,  monopoly  of  soap  in,  3 
Frangipanni  soap,  420,  421 
Fr^my,  investigations  of,  26 
French  methodof  grading  soda,  152, 

153 
Fricke,  A.,  investigations  of,  34 
Fuller's  art,  1 

earth,  early  use  of,  1 
fat,  128,  129 

grained    soap    from,    257-259, 

366,  367 
recovery  of,  257,  258 
Fulling  extract,  preparation  of,  240, 
241 

GABOON  palm  oil,  98 
Oalam  butter,  101 
Galenus,  soap  mentioned  by,  2,  3 


Gallipoli  oil,  106 

Oases,  solubility  of,  in  water,  177, 178 
Gauls,  invention  of  soap  by  the,  2 
Gay-Lussac  and  Chevreul,  patent  of, 
22 
degrees  of,  in  grading  soda, 
152 
Gelatine,  355 

German  grained  soap,  old,  230-284 
method  of  grading  soda,  152, 153 
sesame  oil,  118 
Germany,  early  soap  industry  in,  3,  4 
Genoa,  trade  in  soap  in,  3 
Geraniol,  470 
Geranium  oil,  449 

Indian,  453 
Turkish,  453 
Gladding's  method  of  determining 
water  in  soap,  474,  475 
test  for  rosin  in  soap,  481 
Glauber's  salt,  test  for,  in  soap,  491, 

492 
Glue,  test  for,  in  soap,  493 
Glycerides,  11,  12,  18,19 
Glycerin,  17,  29^2 

cold  cream  soap,  392 
determination   of,  in   soap,  493, 

494 
quantity  of,  in  a 
fat,  74-76 
discovery  of,  11 
recovery  of,  from  spent  lye,  241- 

244 
soaps,  liquid,  433,  434 
Gobby's  oleometer,  57,  68 
Gold  dust  washing  powder,  386 
Gossage,   William,    patent   of,    148, 

149,  226 
Grain,  206 

Grained  soap  from  Fuller's  fat,  257- 
259,  366,  367 
old  German,  230-234 
Oranicnburg,  277-280 
soaps,  206 

filled,  preparation  of,  281,  282 
filling,  280-282 
for  heavy  dressing,  367-369 
rosined,  260-264,  280 
settled,  266-291 
upon  spent  lye,  230-266 
Gravimetric  analysis,  163 
Greaves,  77 

Green  artificial  fig  soap,  332-336 
olive  oil  soap  from  sulphur  oil, 
363-365 
Grinding  soap,  239  • 

Gum  resins,  460 
Gwynne,  G.,  patent  of,  26 
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HALF-GRAINED  soap,  206,  207 
Hand-cutting  table,  201,  202 
slabbing  machine,  199,  200 
Hard  resins,  460 
soaps,  230-310 

boiling  of,  from  fatty  acids, 

134,  135 
cottonseed  oil  for,  114,  115 
water,  178 
Heat  and  air,  bleaching  palm  oil  by, 

95,  96 
Heintz,  investigations  of,  15 
Heliotrope  soap,  399,  420 

coloring  matter  for,  420 
Heliotropin,  470 
Hemp  seed  oil,  119 
Herb  soap,  423 
Historical  review  of  the  manufacture 

of  soap,'  1-7 
Hogshead,  steamer  for  emptying,  218 
Holde  and  Marcusson's  test  for  rosin 

in  soap,  482-487 
Homer,   cleaning  of  clothes  in   the 

time  of,  1 
Honey  soap.  391,  424 
Horse  fat,  definition  of,  346 

grease,  85,  86 
Houch in- Aiken  Co.,  Acme  remelter 

manufactured  by, 
398 
crutchers  manufac- 
tured by,  191-193 
cutting  tables  man- 
ufactured by,  201- 
203 
disc-chippers  manu- 
factured by,  406 
plodder     manufac- 
tured by,  413 
slabbers     manufac- 
tured by,  200 
soap  frames  manu- 
factured by,  194, 
195 
soap    stamping 
press,     manufac- 
tured by,  414,  415 
Hiibrs  iodine  absorption  process  for 

testing  fats,  65-68 
Hyacinth,  470 
Hydrogen    peroxide,    bleaching    oil 

with,  52 
Hydrolysis  of  soap,  33 
Hydrometers,  57 

Hygienic  soap,  422 

« 

1 CHTHYOL  soap,  439,  440 
1     Illoopaoil,  101,  102 


Indian  geranium  oil,  453 

verbena  oil,  4o3 
Iodine  absorption  process  for  testing 
fats,  6o-;68 
and  bromine  baths,  soap  for,  4o^ 
soap,  439 

super-fat,  436 
Iron  soap  frames,  196,  197 
Ivory  soap,  319,  320 

JAFFE    and    Darmstadter    on    re- 
covery of   glycerin    from   spent 
lye,  243 
Japanese  washing  powder,  387 
Jevons  on   the  detergent    action  of 

soap,  44,  45 
Jockey  club  soap,  421,  422 
Jones  and  Palmer,  patent  of.  3 

Wilson,  G.,  patent  of,  20 
Juniper  oil,  449 

KETTLE  for  rendering  and  refin- 
ing toilet  soap,  396,  397 
Kettles,  184-188 

bricking  in  of,  185,  186 
heating  of,  by  steam,  186,  187 
proportion  of,  between  diameter 

and  depth,  188 
shape  of,  188 
Klepzig's  method  of  bleaching  x>alm 

oil,  94,  95 
Knapp*8  experiments,  32,  33 

theory  of  the  detergent  action  of 
soap,  44 
Koerting's  steam-jet  air-suction  ap- 
paratus, 96 
Koetlstorfer's    method    for    the   de- 
termination  of  the  saponification 
number,  64,  65 
Krafft  and  Stern,  investigations  of, 

35,  36 
Krebitz,  patent  of,  222,  223 

(    AGOS  palm  oil,  98 
l^     Lanolin,  80 

soap,  423 
Lard,  83-8.5 

adulterations  of,  85 

behavior  of,  towards  lye,  85 

compound,  79 

iodine  number  of,  84 

oil,  85 

rendering,  84 

saponification  number  of,  84 

stearin,  85 

yield  of  soap  from,  86 
Laurent,  J.,   on  saponification  witb 

alkaline  sulphides,  222 
Laurie  acid,  13 
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Xaurostearin,  18, 19 
I/aurot*s  oil  balance,  59 
Lavender,  foreign  oil  of,  450 

oil.  449,  450 
Lead  oleate,  10 
Leaf  lard,  84 
Leblanc,  process  for  the  production 

of  soda  invented  by,  4,  6,  140,  141 
Lef6bvre*s  oleometer,  58 
Lemon-grasa  oil,  451 
oil,  450,  451 
soap,  420 
Lcucks,  J.  C,  on  the  ammonia- soap 

process,  225 
Lewkowitsch,  directions  for  decom- 
posing fats  by,  20,  21 
Liberia  palm  oil,  98 
Liebreich's  patent,  222 
Light,  bleaching  eflFect  of,  49 
Lily  soap,  421 
Xime,  180,  181 

adulteration  of  lard  with,  85 
determiuacion   of  the  value  of, 

181 
figging.  331,  332 
Linaloe  oil,  451,  452 
Linalool,  470 

Link's  washing  powder,  884,  385 
Xinoleic  acid,  13 
Linseed  oil.  116-118 

adulteration  of,  117 
bleaching  of,  50 
iodine  number  of,  117 
properties  of,  116,  117 
saponification  number  of, 

117 
smooth    soft    soap    from, 
324^31 
Liquid  toilet  soaps,  432-434 
Litmus,  action  of  alkalies  and  acids 
upon,  166,  167 
paper,  167 
tincture,  166 
Lobarthes*  washing  powder,  386,  387 
Loewe*s  method  of  determining  water 

in  soap,  474 
Lye,  bleaching  linseed  and  cotton- 
seed oils  with,  50 
calculation  of  caustic  soda  for, 

272,  273 
for  natural  fig  soap,  calculating, 
340,  341 
saponification     of     fats     for 

milled  toilet  soaps,  401 
tallow  grained  soap,  234 
spent,  recovery  of  glycerin  from, 
241-244 
ptilizadon  of,  239-244 


I  Lyes  and  fats  for  saponification  by 
i  the  cold  process,  31 1-313 

I         evaporation  of,  240 

examination  of,  212-215 
for  soft  soap  with  a  mother-of- 
pearl  luster,  345,  346 
preparation  of,  207-212 

MACHINERY,   changes    and   im- 
provements in,  5,  6 
Machines  and  utensils  for  the  manu- 
facture of  soap,  1 84-206 
Madioil,  118,  119 
Magnesium  stearate,  14 
Mahwa  butter,  101,  102 
Mailho's  method  of  testing  fats,  68,  69 
Malt  extract  for  rendering  soap  neu- 
tral, 229 
sugar  for  rendering  soap  neutral, 
229 
Margaric  acid,  13,  15 
Mar^arin,  127 
Marjoram  oil,  452 
Marseilles,  early  trade  in  soap  in,  3 

soap,  244-249 
Marsh  mallow  soaps,  390 
Maumen^'s  test,  63,  64 
Mayer's  method  of  determining  fatty 

acids  in  oils,  72,  73 
Medicated  soaps,  434-441 
Melting  points  of  fats,  determination 

of,  59,  60 
Metanil   yellow   for    coloring    toilet 

soaps,  419 
Methyl-orange,   use  of,   as  an  indi- 
cator, 173,  174 
salicylate,  459 
Milk  soap,  423 
Mill,  Blauchard's,  379 

washing  powder  without  the  use 
of  a,  383,  384 
Mille  fleurs  soap,  392 
Milled  family  soaps,  423,  424 
toilet  soaps,  399-424 

boiling  soaps    for,   402, 

403 
fats  for,  400 
Milling  soap,  346,  347 
Mills,  407-410 
Mineral  oils,  detection  of,  in  fat  oils, 

69-71 
Mirbane  oil  or  essence,  446 
Moride,  K.,  on  the  invention  of  soap,  2 
Mottled  Eschweg  soap,  285 
soap  from  palm  oil,  250 
soaps,  304-310 

coloring  of,  309 
stocks  for,  307,  308 
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Mottling  tallow  grained  soap,  237,  238 
Mouveau,  process  of,  6,  7 
Musk,  469 

soap,  392,  424 

tincture,  471,  472 
Mntton  tallow,  77 
Myristic  acid,  18 
Myrrh,  465,  466 

tincture,  473 

NAPHTHALENE  soap,  441 
Naphthol  soap,  441 

8uper-fat,  436 
-sulphur  soap,  super-fat, 
436 
Natural  fig  soap,  335-^345 

boiling  of,  340-343 
from  olein  and  tallow, 

373-376 
stocks  for,  337,  338 
with  stearin,  344,  345 
soda.  189,  140 
Neroli  oil,  471 
Neutral  lard,  83,  84 

olein  textile  soap,  365,  366 
olive  oil  soap,  361,  3613 
soaps,  361-366 
white  wax  soap,  362,  363 
Nicias,  fuller's  art  due  to,  1 
Niger  oil,  118 
Nitrobenzole,  446 
Non-fats,   determination   of,   in   fats 

and  oils,  55,  56 
Normal  soaps,  patented,  229 
Nutmeg  soap,  391 

OCCURRENCE    and    manner    of 
gaining  fats  and  oils,  46 
Oil  fruits,  direct  saponification  of,  222 
Oils  and  fats,  bleaching  of,  49-52 
electrical  conductibility  of,   for 

testing,  62,  63 
essential,  443-460 

and  other  materials  for  per- 
fuming soaps,  442-473 
test  for,  in  soaps.  495,  496 
expansion  of,  by  heat,  9 
refining  of  47-49 
Oleic  acid,  13,  124 
salts  of,  16 
Olein,  124-128,  254,  255 
distilled,  124 
saponified,  124 

soap  by  carbonate  saponification, 
264,  255 
smooth,  3t50-352 
sofl  soap,  smooth,  370,  371 
solid  white,  128 


Olein,  testing  of,  126,  127 

textile  soap,  neutral,  366,  366 
use  of,  as  a  substitute  for  olive 
oil,  249 
Oleomargarine,  79 
Oleometers,  57-59 
Oleo-oil,  79 

-^earin,  79 
Olive  oil,  106-108 

foots,  107,  244 

saponification  of,  107,  lOS 
iodine  number  of,  107 
properties  of,  106,  107 
saponification  number  of,  107 
soap,   green,    from    sulphur 
oil,  363-365 
neutral,  361,  362 
Opopanax,  467,  468 

tincture,  472,  473 
Orange  blossom  soap,  423 
flower  oil,  452,  453 
oil,  452 
peel  oil,  452 
soap,  420 
Oranienburg  grained  soap,  277-280 
Organoleptic  methods  of  examining 

fats  and  oils,  53,  54 
Overburnt  lime,  180 
Oxalic  acid  solution,  169 

PALM  oil,  93-99 
adulterations  of,  98,  99 
bleaching  of,  94-97 
grained  soap,  249t251 
household  soap,  251 
properties  of.  93,  94 
qualities  of,  98 
rosined  soap,  251,  252 
saponification  of,  99 
sediment,  98 

yield  of  soap  from,  99,  250 
Palmarosa  oil,  453 
Palme's  washing  powder,  388 
Palmitic  acid,  12 
Pal  mi  tin  soap,  252-254 
Palmkernel  oil.  99-101 

detection  of,  in  cocoa- 
butter,  105 
expressed     and      ex- 
tracted, 100,  101 
properties  of,  99,  100 
saponification  of,  100 
Pan  for  the  recovery  of  glycerin  from 

spent  lye,  241 
Pans,  184-188 

Paramount  soap  frame,  194,  195 
Paste  soap,   rosined,  with  talc,   302» 
303 
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Paste  soaps,  206,  292-310 

filling  materials  for,  204,  295 
rosined,  299-303 

stocks  for,  301 
stocks  for.  295,  297,  298 
vield  of,  292,  293 
Patchouli  oil,  453,  454 

soap,  420,  424 
Paulus  Aegina,  1 
Peach  blossom  soap,  394 
Peanut  oil,  109,  110 

iodine  number  of,  110 
properties  of,  110 
saponification  of,  110 
number  of,  110 
Pearline  washing  powder,  387 
Pelonze  on  saponincation  by  alkaline 

sulphides,  221,222 
Peppermint  oil,  454,  455 
Perfection  crutcher,  191-193 
Perfumes,  artificial,  469-471 

of  animal  origin,  468,  469 
Perfuming  floating  soap,  427 
soap,  405 

soaps,   essential  oils  and    other 
materials  for,  442-473 
Peruvian  balsam,  461-463 
tincture,  473 
Petit  grain  oil,  455,  456 
Petroleum,  test  for,  in  soap,  493 
Phenolphthalein  as  an  inaicator,  16, 
17,  174 
solution    for  testing   soap,   247, 

248 
testing  with,  274 
Phoenicians,  invention  of  soap  by,  2 
Physetoleic  acid,  13 
Physical  methods  of  examining  fats 

and  oils,  57-63 
Piney  tallow,  102.  103 
Pipette,  164.  165 
Pivot  truck  and  plates,  195,  196 
Plasters,  21 

Pliny,  account  of  soap  by,  1,  2 
Plodders,  410-413 
PohPs  method  of  determining  the 

melting  point  of  fats,  59 
Poor  lime,  180 
Poppy  seed  oil,  120 
Potash,  154-160 

and  soda,  testing,  161-176 
determination  of^  by  alkalimetry, 

162 
examination   of,   by    volumetric 

analysis,  172,  173 
grained  soap  with  the  assistance 

of,  230-234 
lye  for  soft  soaps,  322 


Potash  soaps,  conversion  of,  into  hard 
soda  soaps,  29-32 
decomposition  of,  39 
for  the  textile  industry,  370- 

376 
varieties  of,  207 
taking  a  sample  of,  for  analysis, 
174-176 
Potassium  chloride,  159,  160 

dichromate,  bleaching  oils  and 

fats  with,  51, 
52 
palm  oil    with, 
97 
hydrate,  138 
permanganate,  bleaching  oils  and 

fats  with,  51 
stearate,  14 

sulphate,  potash  from,  159,  160 
Potato  flour,  356 

test  for,  in  soap,  492,  493 
Power  cutting  table,  202,  203 

slabber,  200 
Presses,  203,  204 
Prime  steatn  lard,  84 
Princess  soap,  394 
Pumice  soap,  391,  437.  438 

for  disinfecting  hands,  437 
Pumps,  18^190 

Purity ing  and  refining  fats  and  oils, 
47-49 

RAPE  oil,  120,  121 
Rapolein,  122,  123 
Raw  materials,  auxiliary,  177-183 

used  in  the  manufacture  of 
soap,  8-45 
Red-yellow  rosined  soap,  318,  319 
Remelter,  Acme,  397,  398 
Remelting,  toilet  soaps  by,  395-^399 
Resins  and  balsams,  460-468 
Rhodamine  for  coloring  toilet  soaps» 

418,  419 
Ricinoleic  acid,  13 
Rigat,  P.,  privilege  granted  to,  3 
Rodiger,  W.,  patent  of,  229 
Roller  board,  413 
Rose  oil,  456,  457 

soap,  392,  393.  422 
Rosemary  oil,  457 
Rosin,  135-137 

bleaching  of,  137 
determination  of,  in  fats,  71 

soap,    481- 
487 
grades  of,  137 

oils,  detection  of,  in  fat  oils,  69- 
71 
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Rosin,  properties  of,  135,  136 
Rosined  domestic  soaps,  315-319 
grained  soaps,  2()0-2()4,  280 
paste  soap,  transparent,  302 
with  talc,  302,  303 
without  brine,  301,  302 
soaps,  299-303 

stocks  for,  301 
soap,  black,  264,  265 
brown,  319 
pale,  317,  318 
red-yellow,  318,  319 
transparent,  264,  317 
yellow,  318 
Rotary  pump,  188-190 
Rotondi.  investigations  of,  34,  35 
on  the  detergent  action  of  soap, 
44 
Rousseau's  method  of  testing  oils,  62, 

63 
Russian  saddle  soap,  265,  266 

SADDLE  soap,  265,  266 
vSafrol,  471 
Sal  soda,  143-147 

adulteration  of,  147 
Salicylic  soap,  super-fat,  436 
Bait  cake,  141 

common,  182,  183 
Baiting  out,  232 
Sand  soap,  393 
Sanza, 106 
Sapolite,  355,  356 

-Saponification  by  alkaline  sulphides, 
221,  222 
cold,  toilet  soaps  by,  389-391 
direct,  of  oil  fruits,  222 
fats  and  lyes  for  the  cold  process 

of,  311-313 
fatty  acids  obtained  by,  123 
number,  determination  of,  64,  65 
of  fats,  19-21 
fatty  acids  according  to  the  am- 
monia-soap   process, 
225,  226 
with   silicate    of   soda, 
226-228 
technical  methods  of,  21-29 
with  sulphuric  acid,  26,  27 
Sassafras  oil,  457,  458 
Savon  de  riz,  421 

du  bouquet,  421 
Savona,  trade  in  soap  in,  3 
Scheele,  discovery  of  glycerin  by,  11 
Schimmel  &  Co.*s  formula  for  shav- 
ing soap,  429 
Schneider's  method  of  testing  oils,  69 
Scouring  soap  powder,  387 


Scrap,  77 

Screw  plodder,  411,  412 

Sea  water,  silicate  of  soda  soap  for 

washing  in,  298 
Sesame  oil,  108,  109 

iodine  number  of,  108 
properties  of,  108 
saponification  of,  109 

number  of,  108 
test  for,  108 
Settled  grained  soaps,  266-291 
soaps,  boiling  of,  268-272 
fats  for,  269 
filling.  282.  283 
Shaving  pastes  or  creams,  430,  431 
soap  powders,  430 
soaps,  427-429 
Shea  butter,  101 

Silicate  of  soda  as  a  remedy  for  hard 

water,  179 
for  filling,  281 
saponification    of    fatty 

acid  with,  226-228 
soap,  298,  299 

for  washing  in  sea- 
water,  298 
test  for,  in  soap,  490,  491 
washing   powder    ¥dth, 
385,  386 
Slabbing  machines,  199,  200 

soap.  197-200 
Slaked  lime,  181,  208 
Smooth  green  sulphur  oil  soap,  372, 
373 
olein  soap,  350-352 

soft  soap,  370,  371 
soft  soap  from  linseed  oil,  324-331 
transparent  soft  soap,  323,  324 
white  textile  soap,  369,  370 
Soap  boiling  kettles  or  pans,  184-188 
cakes,  finishing  and  polishing  of, 

417,  418 
change  in  the  boiling  of,  5 
creams,  431,  432 
detergent  power  of,  43—15 
determination  of  alcohol  in,  495 

alkalies    in,    488, 

489 
ammonia  in,  ii*iy- 

498 
carbolic  acid   in, 

496 
content  of   fatty 
acid  in,  475-480 
essential  oils  in. 

495,  496 
filling    materials 
in,  489-492 
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Soap,  determination  of  glycerin  in, 

493,  494 
kinds  of  fats  used 
in  tbe  prepara- 
tion of,  480,  481 
rosin  in,  481-487 
sugar  in,  494,  495 
water  in,  474,  475 

disinfecting     and      deodorizing  \ 
properties  of,  45 

first  mention  of,  as  a  detergent, 
2,3 

floating,  424-427 

frames,  193-197 

from  wool  fat,  259,  260 

grinding  of,  239 

historical  review  of  the  manu- 
facture of,  1-7 

hydrolysis  of,  33 

industry,  development  of,  8 

invention  of,  2 

machines  and  utensils  for  the 
manufacture  of,  18-1-205 

manufacture  of,  in  closed  boilers, 
6 

means  of  correcting  the  alkaline 
action  of,  228,  229 

mills,  407-410 

more  modern  processes  in  the 
manufacture  of,  221-229 

perfuming  of,  405 

powder  crusher,  378 

preparation  of,  by  the  conversion 
of  calcium  oleate  with  alkaline 
carbonate,  222-224 

presses,  203,  204,  414-417 

pumps,  188-190 

raw  materials  used  in  the  manu- 
facture of,  8-45 

reference  to,  in  the  Old  Testa- 
ment, 1 

soft,  definition  of,  321 

with  a  mother-of-pearl  luster, 
345-348 

specialties  and  toilet  soaps,  389- 
441 

stamping  press,  414,  415 

stripping  of,  404 

use  of  rosin  in  the  manufacture 
of,  136,  137 

washing  powders  without,  387, 
388 

waters,    recovery   of    fatty    sub- 
stances from,  128,  129 
Soapine  washing  powder,  387 
Soaps,  32-45 

behavior  of,  towards  water,  32- 
38 


Soaps,  boiling  of,  215-221 

from   fatty    acids,    134, 
135 
domestic,   by  the    cold    process 
and  semi-warm    process,    311- 
320 
drying  of,  204,  205 
essential  oils  and  other  materials 

for  perfuming,  442-473 
for  milled  toilet  soaps,  boiling  of, 

"402,  403 
grained,  filling  of,  280-282 

upon  spent  lye,  230-266 
groups  of,  206 
hard,  230-310 
modifications  of  the  behavior  of,. 

towards  water,  38,  39 
mottled,  304-310 
nature  of,  8,  32 
neutral,  361-366 
of  a  light  color,  preparation  of,. 

224 
paste,  292-310 
patented  normal,  229 
production  of,  206-229 
set  I  led,  filling  of,  282,  283 
soft,  321-359 

filling  of,  354-357 
varieties  of,  322 
solubility  of,  39 
testing,  474-498 
textile,  358-376 

white  and   colored,  stock  soaps, 
for,  403 
.stocks  for.  276 
Soda,  139-1  o4 

and  potash,  testing,  161-176 
commercial  grading  of,  152-154 
lye  allowable  for  soft  soap,  323, 
324 
causticized,  testing  of,  214,  215 
taking  a  sample  of,  for  analysis, 
174-176 
Sodium  chloride,  182,  183 

solutions,   table  of  spe- 
cific gravities  of,  183 
test  for,  in  soap,  491,492 
hydrate,  138 
oleate,  16 
stearate,  14 
Soft  fat,  127 

soap,  definition  of,  321 
holders  for,  197 

smooth,  from  linseed  oil,  324- 
331 
transparent,  323,  324 
turpentine-sal  ammoniac,  352- 
354 
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Soft  soap,  white,  354 

Willi  a  mother-of-pearl  luster, 
345-348 
soaps,  321^359 

boiling  of,  from  fatty  acids, 

134 
cottonseed  oil  for,  115 
filling  of.  364-367 
for  the  textile  industry,  370- 

376 
varieties  of,  207,  322    • 
with  a  mother-of-pearl  luster, 
stocks  for,  346,  347 
toilet  soaps  or  soap  creams,  431, 

432 
water,  178 
Solution,  cold  saturated,  177 
Solvay's  process,  141,  142 
Soxhlet's  tube,  56 
Specific  gravity  of  oils,  determination 

of,  67-59 
Spike  oil,  450 

soap,  394,  395 
Standard  solutions,  164 
Star  anise  oil,  444 
SUrch,  test  for.  in  soap,  492,  493 
Steam,  boiling  soaps  with,  218-221 
heating  kettles  by,  186,  187 
lard,  prime,  84 
soap  press,  416-417 
superheated,  bleaching  palm  oil 
with,  94,  95 
Steamer  for  emptying  barrels,  218 
Stearic  acid,  13 

and  palmitic  acids,  behavior  of 
mixtures  of,  15 
Stearin,  manufacture  of,  124 

methods  of  saponification  in  the 
manufacture  of,  22 
Stettin,  palm  oil  household  soap,  251 
Stiepel,  apparatus  of,  for  determin- 
ing content  of    fatty  acid  in 
soap,  476-478 
investigations  of,  37,  38 
on   ammonia-soap  process,    225, 
226 
saponification  of  fatty  acid  with 
silicate  of  soda,  226,  227 
Stillingia  tallow,  103,  104 
Stock  soap,  super  fatted,  435,  436 

soaps,  formulas  for,  403 
Storax,  464,  465 
tincture,  478 
Strassfurt  salts,  159 
Strippers,  405,  406 
Stripping  soaps,  404 
Strontium  stearate,  14 
Suet,  77 


Sugar,  determination  of,  in  soap,  494, 

496 
Suint,  potash  from,  168,  169 
Sulphogl^ceric  acid,  21 
Sulpholeic  acid,  21 
Sulphostearic  acid,  21 
Sulphur  oil,  106,  107,  244 

green  olive  oil  soap  from, 

363-366 
saponification  of,  107,  108 
soap,   smooth   green,  372, 

373 
yield  of  soap  from,  108 
soap,  440 
super- fat,  436 
Sulphuric  acid,  detectiou  of,  in  fats 

and  oils,  66 
refining  oils  with,  47-49 
saponification  with,  296, 

27 
splitting    of    glycerides 

by,  21 
standard,  168 
use  of,  in  rendering  tal- 
low, 78 
Sulphurous  acid,  bleaching  oils  and 

fate  with,  50 
Sunflower  oil,  119 
Super-fatted  stock  soap,  435,  436 
toilet  soap,  396 

TABLE  of  elementary  composition 
of  fats,  10 
naturally     formed     fatty 

acids,  12,  13 
specific    gravity  of  solu- 
tions ot  common  salt, 
182,  183 
Tallow,  77-83 

adulterations  of,  82 
bleaching  of,  79,  80 
contaminations  of,  81 
detection  of,  in  cocoa  butter,  106 
grained  soap,  234-237 

mottling  of,  237,  238 
iodine  number  of,  80 
oil,  79 

properties  of,  80 
refining  of,  79 
rendering  of,  77,  78 
saponification  of,  82,  83 
number  of,  80 
titre,  determination  of,  80»  81 
valuation  of,  80,  81 
yield  of  soap  from,  83 
Tannin  soap,  4^ 
Tar  soap,  440 

super- fat,  436 
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Tar-snlphur  soap,  440 

superfat,  436 
Tardoni's  patent,  222 
Teat  liquids,  164 
Testing  soaps,  474-498 

soda  and  potash,  161-176 
Textile  soaps,  368-376 
classes  of,  358 
demands  made  on,  358,  369 
guarantee    of  content   of 
fatty  acid  in,  360 
Thompson's  method  of  testing  oils, 
69,  70 
mode  of  packing  caustic    soda 

introduced  by,  149 
washing  powder,  381,  382 
Thyme  oil,  458 
Thymol  soap,  441 

Tilghman,  investigations  of,  24,  25 
Time  washing  powder,  387 
Tinctures,  471-473 

Titre  test  for  determining  the  con- 
gealing point  of  fats,  HI,  62 
Toilet  soaps  and  soap  specialties,  389- 
441 
by  cold   saponification   pro- 
cess, 389-391 
remelting,  395-399 
coloring  of,  418-420 
drying  of,  205 
finishing  and  polishing,  417, 

418 
kettle  for  rendering  and  re- 
fining, 39(),  397 
liquid,  432-434 
milled,  399-424 
soft,   or    soap    creams,   431, 

432 
superfatted,  395 
with  adeps  lanae,   formulas 
for,  394,  395 
Tolu  balsam,  463,  464 
tincture,  473 
Train  oils.  89,  90 

Transparent  rosined  soaps,  264,  302 
Triolein,  19 
Tripalmitin,  18 
Tristearin,  18 
Turkish  geranium  oil,  453 
Turpentine,  135 

-sal  ammoniac  soft  soap,  852-^54 
soap,  265,  440,  441 
Twitcheirs  process  of  saponification, 
28.  29 
test  for  rosin  in  soap,  481,  482 
Type,  soap  powder  for,  381 

•setting       machines,       washing 
powder  for,  388 


UNITED  STATES,  deposito  of  soda 
in  the,  139 
progress  in  the  soap  industry 
in,  4 
Unna,  Dr.,  formula  for  super-fatted 
stock  soap  recommended  by,  435, 
436 
Utilization  of  spent  lye,  239-244 

VALENTA'S  method  for  determin- 
ing the  congealing  point  of  fats 
and  oils,  62 
Vanilla  soap,  393 
Vaseline  soap,  441 
Vateria  fat.  102,  103 
Vegetable  fats  and  oils,  90-122 
occurrence  of,  46 
purifying  of,  47 
stearin,  115,  116 
tallow,  102,  103.  104 
Venice  soap,  244-249 
Verbena  oil,  Indian,  453 
Vetiver  oil,  458,  459 
Violet  soap,  393,  395,  424 
Virgin  turpentine,  135 
Viscosity  of  oils,  determination  of,  57 
Volumetric  analysis,  163,  164 

WASHING  powders  and  allied  pro- 
ducts, 377-388 
cheap,  383,  384 
composition       of, 

380.  381 
methods    of   pre- 
paring, 377, 378 
without  soap,  387, 
388 
use  of  a  mill, 
383,  384 
soda,  143-147 
Waste  cuttings,  floating  soap  from, 

425,  426 
Water,  177-180 

behavior  of  soap  towards,  32-38 
determination  of,  in  fats  and  fat 

oils,  5-1,  55 
in  soap,  474,  475 
hardness  of,  178,  179 
-glass  compositions,  303,  304 
Watt,  process  of  bleaching  oils  and 

fats  by,  51,  52 
Wax  soap,  272-277 
White  domestic  soap,  313 
elain,  127,  128 
grained  soap,  demands  made  on 

a,  275 
olein,  solid,  128 
paste  soap,  295 
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White  ross  soap,  422 

silver  soap.  348-360 

soaps,  stocks  for,  276 

soft  soap,  354 

textile  soap,  smooth,  369,  370 

wax  soap,  neutral,  362,  363 
Whitelaw  on  the  preparation  of  soap, 

225 
Wild  mango  oil,  106 
Wilson,  G.  F.  and  Payne,  G.,  decom- 
position of  fat  proposed  by,  26,  26 
Window-glass  rosin,  135 
Windsor  soap,  393,  399,  424 
Wintergreen  oil,  459 

artificial,  469 
Wood  ashes,  potash  from,  155-157 
Wool  fat,  88,  89 


Wool   fat,   distilled,   adulteration  of 
tallow  with,  82 
soap  from,  269,  260 
sweat,  potash  from,  158,  159 
Wright  and  Thompson,  ezperimenta 
of,  39-42 

YELLOW  artificial  fig  soap.  332 
dip  turpentine,  136 
paste  soap,  295 
rosined  soap,  318 
-white  paste  soap,  295 
Ylang-ylang  oil,  469,  460 

^INC  salicylic  soap,  super-fat,  43t> 
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AMATEUR  MECHANICS'  WORKSHOP: 

A  treatise  containing  plain  and  concise  direction  for  the 
manipulation  of  Wood  and  Metals,  including  Casting,  Forg- 
ing, Brazing,  Soldering  and  Carpentry.  By  the  author  of 
the  "Lathe  and  Its  Uses."  Seventh  edition.  Illustrated. 
8vo $1.50 

ARLOT.— A  Complete  Guide  for  Coach  Painters: 

Translated  from  the  French  of  M.  Arlot,  Coach  Painter,  for 
eleven  years  Foreman  of  Painting  to  M.  Eherler,  Coach 
Maker,  Paris  By  A.  A.  Fesquet,  Chemist  and  Engineer. 
To  which  is  added  an  Appendix,  containing  Information  re- 
g)ecting  the  Materials  and  the  Practice  of  Coach  and  Car 
Painting  and  Varnishing  in  the  United  States  and  Great 
Britain.    12mo $1.25 
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ARMENGAUD,  AMOROUX,  AND  JOHNSON.— The  Prac- 
tical  Drau^tsman's  Book  of  Industrial  Desi^,  and 
Machinist's  and  Engineer's  Drawing  Companion: 

Forming  a  Cooiplete  Course  of  Mechanical  Engineering  and 
Architectural  Drawing.  From  the  French  of  M.  Armengaud 
the  elder,  Prof,  of  E)esign  in  the  Conservatoire  of  Arts  and 
Industry,  Paris,  and  M.  Armengaud  the  younger,  and  Amo- 
rotix.  Civil  Engineers.  Rewritten  and  arranged  with  addi- 
tional matter  and  plates,  selections  from  and  examples  of 
the  most  useful  and  generally  employed  mechanism  of  the 
day.  By  William  Johnson,  Assoc.  Inst.  C.  E.  Illustrated 
by  fifty  folio'  steel  plates,  and  fifty  wood-cuts.  A  new  edi- 
tion, 4to.,  cloth $5.00 

ARROWSMITH.— The  Paper-Hanger's  Companion 

Comprising  Tools,  Pastes,  Preparatory  Work;  Selection  and 
Hanging  of  Wall-Papers;  Distemper  Painting  and  Comice- 
Tintmg;  Stencil  Work;  Replacing  Sash-Cord  and  Broken 
Window  Panes;  and  UsefvQ  Wnnkles  and  Receipts.  By 
James  Arrowsmith.  A  New,  Thoroughly  Revised,  and 
Much  Enlarged  Edition.  Illustrated  by  25  engravings,  162 
pages.    (1905) $1.00 

ASHTON.— The  Theory  and  Practice  of  the  Art  of  Desi^- 
in^  Fancy  Cotton  and  Woolen  Cloths  from  Sample: 

Giving  full  instructions  for  reducing  drafts,  as  well  as  the 
methods  of  spooling  and  making  out  harness  for  cross  drafts 
and  finding  any  required  reed;  with  calculations  and  tables 
of  yam.  By  Frederic  T.  Ashton,  Etesigner,  West  Pittsfield, 
Mass.    With  fifty-two  illustrations.    One  vol.  folio $4.00 

ASKINSON.— Perfumes  and  their  Preparation: 

A  Comprehensive  Treatise  on  Perfumery,  containing  Com- 
plete Directions  for  Making  Handkerchief  Perfumes,  Smelling- 
Salts,  Sachets,  Fiunigating  Pastils;  Preparations  for  the  Care 
of  the  Skin,  the  Mouth,  the  Hair;  Cosmetics,  Hair  Dyes,  and 
other  Toilet  Articles.  By  G.  W.  Askinson.  Translated 
from  the  German  by  Isidor  Furst.  Revised  by  Charles 
Rice.    32  illustrations.    8vo $3.00 

BAIRD. — ^The  American  Cotton  Spinner,  and  Manager's 
and  Carder's  Guide: 

A  Practical  Treatise  on  Cotton  Spinning;  giving  the  Dimen- 
sions and  Speed  of  Machinery,  Draught  and  Twist  Calcula- 
tions, etc;  with  notices  of  recent  Improvements;  t9gether 
with  Rules  and  Examples  for  making  changes  in  the  size  and 
numbers  of  Roving  and  Yam.  Compiled  from  the  papers 
of  the  late  Robert  H.  Baird.    256  pp.,  12mo $1.50 
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BEANS.— A  Treatise  on  Railway  Cimree  aad  Location  of 
Railroads: 

By  E.  W.  Beans,  C.  E.    Illustrated.     12aao.    Morocco  $L00 

BELL. — Carpentry  Made  Easy: 

Or»  The  Science  and  Art  of  Framing  on  a  New  and  Inaproved 
System.  With  Specific  Instructions  for  Building  BaUoon 
Frames,  Bam  Frames,  Mill  Frames,  Warehouses,  Qiurch 
Spires,  etc.  Comprising  also  a  System  of  Bridge  Building, 
with  Bills,  Estimates  of  Cost,  ana  valuable  Tables.  Illus- 
trated by  forty-four  plates,  comprising  nearly  200  figures. 
By  William  £.  Bell,  Architect  and  Practical  Builder. 
8vo $5.00 

BERSGH.— Celluose,    Cellulose     Products*    and   Rubber 
Substitutes: 

Comprising  the  Preparation  of  Cellulose,  Parchment-Cellu- 
lose, Met&ds  of  Obtaining  Sugar,  Alcohol,  and  Oxalic  Add 
from  Wood-Cellulose;  Production  of  Nitro-Cellulose  and  Cellu- 
lose  Esters;  Manufacture  of  Artificial  Silk,  Viscose,  Celluloid, 
Rubbtf  Substitutes,  Oil-Rubber,  and  Faktis.  By  Dr.  Joseph 
Bersol  Translated  by  William  T.  Brannt.  41  Illustra- 
tions.   (1904) $3.00 

BILLINGS.— Tobacco ; 

Its  History,  Variety,  Culture,  Manufacture,  Commerce,  and 
Various  Modes  of  Use.  By  £.  R.  Billings.  Illustrated  by 
nearly  200  engravings.    8vo $3.00 

BIRD. — The  American  Practical  Dyers'  Companion: 

Comprising  a  Description  of  the  Prindpal  Dye-SttifFs  and 
Chemicals  used  in  Dyeing,  their  Nature  and  Uses;  Mordants 
and  How  Made;  with  the  best  American,  English,  Frendi 
and  German  processes  for  Bleaching  and  Dyeing  Silk,  Wool, 
Cotton,  Linen,  Flannel,  Felt,  Dress  Goods,  Mixed  and 
Hosiery  Yams,  Feathers,  Grass,  Felt,  Fur,  Wool,  and 
Straw  Hats,  Jute  Yam,  Vegetable  Ivory,  Mats,  Bkins,  Fiu-s, 
Leather,  etc.,  etc.,  by  Wooid,  Aniline,  and  other  Processes, 
together  with  Remarks  on  Finishing  Agents,  and  Instructions 
in  the  Finishing  of  Fabrics,  Substitutes  for  Indigo,  Water- 
Ptoofing  of  Materials,  Tests  and  Purification  of  Water. 
Manufacture  of  Aniline  and  other  New  Dye  Wares,  Harmoniz- 
ing Colors,  etc.,  etc.,;  embracing  in  all  over  800  Receipts  for 
Colors  and  Shades,  accompanied  by  170  Dyed  Samples  of  Raw 
Materials  and  Fabrics.  By  F.  J.  Bird,  Practical  Dyer, 
Author  of  "The  Dyers'  Hand-Book."    8vo $4.00 

BLINN.— A    Practical    Workshop    Companion    for    Tin, 
Sheet-Iron,  and  Copper- plate  Workers: 

Containing  Rules  for  describing  various  kinds  of  Patterns 
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used  by  Tin,  Sheet-Iron  and  Copper-plate  Workers;  Practical 
Geometry;  Mensuration  of  Surface  and  Solids;  Tables  of  the 
Weights  of  Metals,  Lead-pipe,  etc.;  Tables  of  Areas  and 
Circumferences  of  Circles;  Japan,  Varnishes,  Lacquers,  Ce- 
ments, Compositions,  etc.,  etc.  By  Leroy  J.  Bunn,  Master 
Mechanic.  With  One  Hundred  and  Seventy  Illustrations. 
12mo $2.50 

BOOTH.— Marble  Worker's  Manual: 

Containing  Practical  Information  respecting  Marbles  in 
general,  their  Cutting,  Working  and  Polishing;  Veneering  of 
Marble;  Mosaics;  Composition  and  Use  of  Artificial  Marble, 
Stuccos,  Cements,  Receipts,  Secrets,  etc.,  etc.  Translated 
fixnn  the  French  by  M.  L.  Booth.  With  an  Appendix  con- 
cerning American  Marbles.    12mo.,  cloth  $1.50 

BRANNT.— A  Practical  Treatise  on  Animal  and  Vegetable 
Fats  and  Oils: 

Comprising  both  Fixed  and  Volatile  Oils,  their  Physical  and 
Chemical  Propoties  and  Uses,  the  Manner  of  Extracting  and 
Refining  them,  and  Practical  Rules  for  Testing  them;  as  well 
as  the  Manufacture  of  Artificial  Butter  and  Lubricants,  etc., 
with  lists  of  American  Patents  relating  to  the  Extraction, 
Rendering,  Refining,  I>ecomposing  and  Bleaching  of  Fats 
and  Oils.  By  William  T.  Brannt,  Editor  of  the  "Techno- 
Chemical  Receipt  Book."  Second  Edition,  Revised  and 
in  great  part  Rewritten.  Illustrated  by  302  Engravings. 
In  Two  Volumes.    1304  pp.    8vo $10.00 

BRANNT.—A  Practical  Treatise  on  Distillation  and  Rec- 
tification of  Alcohol: 

Comprising  Raw  Materials;  Production  of  Malt,  Preparation 
of  Mashes  and  of  Yeast;  Fermentation;  Distillation  and 
Rectification  and  Purification  of  Alcohol;  Preparation  of 
Alcoholic  Liquors,  Liqueurs,  Cordials,  Bitters,  Fruit  Essences, 
Vinegar,  etc.;  Examination  of  Materials  for  the  Preparation 
of  Malt  as  well  as  of  the  Malt  itself;  Examination  of  Mashes 
before  and  after  Fermentation;  Alcoholometry,  with  Niraier- 
ous  Comprehensive  Tables;  and  an  Appendix  on  the  Manu- 
facture of  Compressed  Yeast  and  the  Examination  of  Alcohol 
and  Alcoholic  Liquors  for  Fusel  Oil  and  other  Imptuities 
By  William  T.  Brannt,  Editor  of  "The  Techno^^hemical 
Receipt  Book."  Second  Edition.  Entirely  Rewritten.  Il- 
lustrated by  105  engravings.  460  pages.  8vo.  (Dec., 
1903) $10.00 

BRANNT.— India  Rubber,  Gutta-Percha  and  Balata: 

Occurrence,  Geographical  Distribution,  and  Cultivation,  Ob- 
taining and  Preparing  the  Raw  Materials,  Modes  of  Working 
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and  Utilizing  them,  including  Washing,  Maceration,  Mixing, 
Vulcanizing,  Rubber  and  Gutta-Percha  Compounds,  Utiliza- 
tion of  Waste,  etc.  By  William  T.  Brannt.  Illustrated. 
12mo.    A  new  edition  in  preparation. 

BRANNT.— A  Practical  Treatise  on  the  Manufacture  of 
Vinegar  and  Acetates,  Cider,  and  Fruit- Wines: 

Preservation  of  Fruits  and  Vegetables  by  Canning  and  Evap- 
oration; Preparation  of  Fruit-Butters,  Jellies,  Marmalades, 
Catchups,  Pickles,  Mustards,  etc.  Edited  from  various 
sources.  By  William  T.  Brannt.  Illustrated  by  79  En- 
gravings.     479  pp.      8vo (Scarce) 

BRANNT.— ^The  Metallic  Alloys:  A  Practical  Guide: 

For  the  Manufacture  of  all  kinds  of  Alloys,  Amalgams,  and 
Solders,  used  by  Metal  Workers:  together  with  their  Chem- 
ial  and  Physical  Properties  and  their  Application  in  the  Arts 
and  the  Industries;  with  an  Appendix  on  the  Coloring  of 
Alloys  and  the  Recovery  of  Waste  Metals.  By  William 
T.  Brannt.  45  Engravings.  Third,  Revised,  and  Enlarged 
Edition.    570  pages.    8vo Net,     $5.00 

BRANNT.— The  Metal  Worker's  Handy-Book  of  Receipts 
and  Processes: 

Beinf;  a  Collection  of  Chemical  Formulas  and  Practical 
Mampulations  for  the  working  of  all  Metals;  including  the 
decoration  and  Beautifying  of  Articles  Manufactured  there- 
from, as  well  as  their  Preservation.  Edited  from  various 
sources.    By  William  T.  Brannt.    Illustrated.    12mo.$2.50 

BRANNT.— Petroleum : 

Its  Histoiy,  Origin,  Occurrence,  Production,  Physical  and 
Chemical  Constitution,  Technology,  Examination  and  Uses; 
Together  with  the  Occurrence  and  Uses  of  Natural  Gas. 
Edited  chiefly  from  the  German  of  Prof.  Hans  Hoefer  and  Dr. 
Alexander  Veith  by  Wm.  T.  Brannt.  Illustrated  by  3 
Plates  and  284  Engravings.    743  pp.    8vo $12.50 

BRANNT.— The    Practical    Dry    Cleaner,    Scourer    and 
Garment  Dyer: 

Comprising  Dry*  Chemical,  or  French  Cleaning;  Purifica- 
tion of  Benzine;  Removal  of  Stains,  or  Spotting;  Wet  Clean- 
ing; Finishing  Cleaned  Fabrics;  Cleaning  and  Dyeing  Furs, 
Slan  Rugs  and  Mats;  Cleaning  and  Dyeing  Feathers;  Clean- 
ing and  Renovating  Felt,  Straw  and  Panama  Hats;  Bleach- 
ing and  Dyeing  Straw  and  Straw  Hats;  Cleaning  and  Dyeing 
Gloves;  Garment  Dyeing;  Stripping;  Analysis  of  Textile 
Fabrics.  Edited  by  William  T.  Brannt,  Editor  of  "The 
Techno-Chemical  Receipt  Book."    Fourth  Edition,  Revised 
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and  Enlarged.  Illustrated  by  Forty-One  Engravings.  12 
mo.    371  pp $2.50 

CONTBNTS :  I.  D17  Chemical  or  French  Oleoning.  n.  Remoral 
of  Stains  or  Spotting.  III.  Wet  Washing.  IV.  Finishing  Gleaned 
Fabrics.  V.  Cleaning  and  Dyeing  B*ars,  Skin  Rugs  and  Mats.  VI. 
Cleaning  and  Dyeing  Feathers.  VII.  Cleaning  and  Renovating  Felt, 
Straw  and  Panama  Hats;  Bleaching  and  Dyeing  Straw  and  Straw 
Hats.  vni.  Cleaning  and  Dyeing  Gloves.  IX.  Garment  Dyeing. 
X.  Stripping  Colors  from  Garments  and  Fabrics.  XI.  Analysis  of 
Textile  Fabrics.     Index. 

BRANNT.— The  Soap  Maker's  Hand-Book  of  Materials, 

Processes  and  Receipts  for  every  description  of  Soap;  includ- 
ing Fats,  Fat  Oils  and  Fatty  Aads;  Examination  of  Fats  and 
Ous;  Alkalies;  Testing  Soda  and  Potash;  Machines  and 
Utensils;  Hard  Soaps;  Soft  Soaps;  Textile  Soaps;  Washing 
Powders  and  Allied  Products;  Toilet  Soaps»  Medicated 
Soaps,  and  Soap  Specialties;  Essential  Oils  and  other  Perfum- 
ing Materials;  Testing  Soaps.  Edited  chiefly  from  the  Ger- 
man of  Dr.  C.  Deite,  A.  Engelhardt,  F.  Wiltner,  and 
numerous  other  Experts.  With  Additions  by  William  T. 
Brannt,  Editor  of  ^'The  Techno^^hemical  Receipt  Book." 
Illustrated  by  Fifty-four  Eng^ravings.  Second  edition.  Re- 
vised and  in  great  part  Re-Written.    535  pp.    8vo $6.00 

BRANNT.— Varnishes,  Lacquers,  Printing  Inks  and  Seal- 
ing Waxes: 

Their  Raw  Materials  and  their  Manufacture,  to  which  is 
added  the  Art  of  Varnishing  and  Lacquering,  including  the 
Preparation  of  Putties  and  of  Stains  for  Wood,  Ivory,  Bone, 
Horn,  and  Leather.  By  William  T.  Brannt.  Illustrated 
by  39  Engravings,  338  pages.    12mo $3.00 

BRANNT-WAHL.— The  Techno- Chemical  Receipt  Book: 

Containing  several  thousand  Receipts  covering  the  latest, 
most  important,  and  most  useful  discoveries  in  Chemical 
Technology,  and  their  Practical  Application  in  the  Arts  and 
the  Industries.  Edited  chiefly  from  the  German  of  Drs. 
Winckler,  Eisner,  Heintze,  Mierzinski,  Jacobsen,  KoUer  and 
Heinzerling,  with  additions  by  Wm.  T.  Brannt  and  Wm.  H. 
Wahl,  Ph.  D.  Illustrated  by  78  engravings.  12mo.  495 
pages $2.00 

BROWN.— Five  Hundred  and  Seven  Medianical  Move- 
ments: 

Embracing  all  those  which  are  most  important  in  Dynamics, 
Hydraulics,  Hydrostatics,  Pneumatics,  Steam  Engines,  Mill 
and  other  Gearing,  Presses,  Horology,  and  Miscellaneous 
Machinery;  and  including  many  movements  never  before 
published,  and  several  of  which  have  only  recently  come  into 
use.    By  Henry  T.  Brown $1.00 
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BULLOCK.— The  Rudiments  of  Architecture  and  Build- 
ing: 

For  the  use  of  Architects,  Builders,  Draughtsmen,  Machin- 
ists, Engineers  and  Mechanics.  Edited  by  John  Bullock, 
author  of  ''The  American  Cottage  Builder."  Illustrated 
by  250  Engravings.    8vo $2.50 

BYRNE.— Hand-Boole  for  the  Artisan,    Mechanic,   and 
Engineer: 

Comprising  the  Grinding  and  Sharpening  of  Cutting  Tools, 
Abrasive  Processes,  Lapidary  Work,  Gem  and  Glass  En- 
graving, Varnishing  and  Lacquering,  Apparatus,  Materials 
and  Processes  for  Grinding  and  Polishing,  etc.  By  Oliver 
Byrne.    Illustrated  by  185  wood  engravings.    8vo $4.00 

BYRNE.— Pocleet-Book  for  Railroad  and  Civil  Engineers: 

Containing  New,  Exact  and  Concise  Methods  for  Laying  out 
Railroad  Curves,  Switches,  Frog  Angles  and  Crossings;  the 
Staking  out  of  work;  Levelling;  the  Calculation  of  Cuttings; 
Embankments;  Earthwork,  etc.  By  Ouver  Byrne.  18mo., 
full  bound,  pocketbook  form $1.50 

BYRNE.— The  Practical  Metal-Worker's  Assistant: 

Comprising  Metallurgic  Chemistry;  the  Arts  of  Working  all 
Metals  and  Alloys;  Forging  of  Iron  and  Steel;  Hardening  and 
Tempering;  Mdting  and  Mixing;  Casting  and  Founding; 
Works  in  Sheet  Metals;  the  Process  I>ependent  on  the  Duc- 
tility of  the  Metals;  Soldering;  etc.  By  John  Percy.  The 
Manufacture  of  Malleable  Iron  Castings,  and  Improvements 
in  Bessemer  Steel.  By  A.  A.  Fesquet,  Chemist  and  En- 
gineer. With  over  Six  Hundred  Engravings,  Illustrating 
every  Branch  of  the  Subject    8vo $3.50 

CABINET  MAKER'S   ALBUM   OF   FURNITURE: 

Comprising  a  Collection  of  Designs  for  various  Styles  of 
Furmture.  Illustrated  bv  Forty-eight  Large  and  Beauti- 
fully Engraved  Plates.    Oblong,  8vo $1.50 

CALLINGHAM.— iSign  Writing  and  Glass  Embossing: 

A  complete  Practical  Illustrated  Manual  of  the  Art.  By 
James  Callingham.  To  which  are  added  Numerous  Alpha- 
bets and  the  Art  of  Letter  Painting  Made  Easy.  By  James 
C.  Badenoch.    258  pages.    12mo $1.50 

CAREY.— A  Memoir  of  Henry  G.  Gar^: 

By  Dr.  Wm,  Elder.    With  a  portrait.    8vo.,  cloth 75 

GAREY.—The  Works  of  Henry  G.  Carey: 

Manual  of  Social  Science.  Condensed  from  Carey's 
"Principles  of  Sodal  Sdenoe."  By  Kate  McKean  1  vol. 
12mo $2.00 
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Miacellaneous  Works.   With  a  Portrait.  2  vols.  8vo.  $10.00 

Past,  Present  and  Future.    8vo $2.50 

Principles  of  Social  Science.    3  volumes,  8vo $10.00 

The  Slave-Trade,  Domestic  and  Foreign;  Why  it  Exists, 

and  How  it  may  be  Extinguished  (1853).    8vo $2.00 

The  Unity  of  Law:  As  Exhibited  in  the  Relations  of  Phys- 
ical, Social,  Mental  and  Moral  Science  (1872).    8vo $2.5Q 

COOLEY.—A  Complete  Practical  Treatise  on  Perfumery: 

Being  a  Hand-book  of  Perfumes,  Cosmetics  and  other  Toilet 
Artides,  with  a  Comprehensive  Collection  of  Formulae.  By 
Arnold  Cooley.    12mo $1.00 

COURTNEY.— The  Boiler  Maker's  Assistant  in  Drawing, 
Templating,  and  Calculating  Boiler  Work  and  Tank 
Work,  etc. 

Revised  by  D.  K.  Clark.    102  ills.    Fifth  edition 80 

COURTNEY.— The  Boiler  Maker's  Ready  Reckoner: 

With  Examples  of  Practical  Geometry  and  Templating.  Re- 
vised by  D.  K.  Clark,  C.  £.  37  illustrations.  Fifth  edi- 
tion  $1.60 

GRISTIANI.— A  Technical  Treatise  on  Soap  and  Candles: 

With  a  Glance  at  the  Industry  of  Fats  and  Oils.    By  R.  S 
Cristiani,   Chemist.    Author  of  "Perfumery  and   Kindred 
Arts."    Illustrated   by    176   Engravings.    581    pages,   8vo 

$15.00 
GROSS.— The  Cotton  Yam  Spinner: 

Showing  how  the  Preparation  should  be  arranged  for  Differ- 
ent Counts  of  Yams  by  a  System  more  uniform  than  has  hith- 
erto been  practiced;  by  having  a  Standard  Schedide  bom 
v^ch  we  make  all  our  Changes.  By  Richard  Cross.  122 
pp.    12mo 75 

DAVIDSON.— A  Practical  Manual  of  House  Painting, 
Graining,  Marbling,  and  Sign- Writing: 

Containing  full  information  on  the  processes  of  House  Paint- 
ing in  Cm  and  Distemper,  the  Formation  of  Letters  and 
Practice  of  Sign- Writing,  the  Principles  of  Decorative  Art, 
a  Cotirse  of  Elementary  Drawing  for  House  Painters,  Writers, 
etc.,  and  a  Collection  of  Useful  Receipts.  With  nine  colored 
illustrations  of  Woods  and  Marbles,  and  niunerous  wood  en- 
gravings.   By  Ellis  A.  Davidson.    12mo $2.00 

DAVIES.— A  Treatise  on  Earthy  and  Other  Minerals  and 
Mining: 

By  D.  C.  Davies.  F.  G.  S.,  Mining  Engineer,  etc.  Illustrated 
by  76  Engravings.    12mo $5.00 
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DAVIES.— A    Treatise    on    Metalliferous    Minerals    and 
Mining: 

By  D.  C.  Davies,  F.  G.  $.,  Mining  Engineer,  Examiner  of 
Mines,  Quarries  and  Collieries.  Illustrated  b^^  148  engrav- 
ings of  Geological  Formations,  Mining  Operations  and  Ma- 
chmery,  drawn  from  the  practice  of  all  parts  of  the  world. 
Fifth  Edition,  thoroughly  Revised  and  much  Enlarged  by 
his  son,  E.  Henry  Davies.    12mo.    524  pages $5.00 

DAVIS. — ^A  Practical  Treatise  on   the  Manufacture  of 
Brick,  Tiles  and  Terra-Ck>tta: 

Including  Stiff  Clay,  Dry  Clay,  Hand  Made,  Pressed  or 
Front,  and  Roadway  Paving  Brick,  Enamelled  Brick,  with 
Glazes  and  Colors,  Fuie  Brick  and  Blocks,  Silica  Brick,  Carbon 
Brick,  Glass  Pots,  Retorts,  Architectural  Terra-Cotta,  Sewer 
Pipe,  Drain  Tile,  Glazed  and  Unglazed  Roofing  Tile,  Art  Tile, 
Mosaics,  and  Imitation  of  Intrarsia  or  Inlaid  Surfaces.  Com- 
prising every  product  of  Clay  employed  in  Architecture,  En- 
g^eenng,  and  the  Blast  Furnace.  With  a  Detailed  Descrip- 
tion of  tiie  Different  Clays  employed,  the  Most  Modem  Ma- 
chinery, Tools,  and  Kilns  used,  and  the  Processes  for  Handling 
Disintegrating,  Tempering,  and  Moulding  the  Clay  into  Shape, 
Drying,  Setting,  and  Burning.  By  Charles  Thomas  Davis. 
Third  Edition.  Revised  and  in  great  part  rewritten.  Il- 
lustrated by  261  engravings.    662  pages (Scarce.) 

DAVIS.— The  Manufacture  of  Paper: 

Being  a  Description  of^the  .various  Processes  for  the  Fabrica- 
tion, Coloring  and  Fiiushing  of  every  kind  of  Paper,  Includ- 
ing the  Different  Raw  Materials  and  the  Methods  for  De- 
termining their  Values,  the  Tools,  Machines  and  Practical 
Details  connected  with  an  intelligent  and  a  profitable  prose- 
cution of  the  art,  with  special  reference  to  the  best  American 
Practice.  To  which  are  added  a  History  of  Paper,  complete 
Lists  of  Paper-Making  Materials,  List  of  American  Machines, 
Tools  ,and  Processes  used  in  treating  the  Raw  Materials,  and 
in  Making,  Coloring  and  Finishing  Paper.  By  Charles  T. 
Davis.    Illustrated  by  156  Engravmgs.  608  pages.  8vo .  $6.00 

DAWIDOWSKY-BRANNT.— A  Practical  Treatise  on  the 
Raw  Materials  and  Fabrication  of  Glue,  Gelatine* 
Gelatine  Veneers  and  FoilSt  Isin^ss,  Cements, 
Pastes,  Mucilages,  etc.: 

Based  upon  Actual  Experience.  By  F.  Dawidowsky,  Tech- 
nical Chemist.  Translated  from  the  German,  with  extensive 
additions,  induding  a  description  of  the  most  Recent  Ameri- 
can Processes,  by  William  T.  Brannt.  2d  revised  edition, 
350  pages.     (1905)    Price $3.00 
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DEITE.— A  Practical  Treatise  on  the  Manufacture  of 
Perfumery: 

Comprising  directions  for  making  all  kinds  of  Perfumes, 
Sachet  Powders,  Fimiigating  Materials,  Dentrifices,  Cos- 
metics, eta,  with  a  full  account  of  the  Volatile  Oils,  Balsams, 
Resins,  and  other  Natural  and  Artificial  Perfume-substances, 
including  the  Manufacture  of  Fruit  Ethers,  and  tests  of  their 
purity.  By  Dr.  C.  Deite,  assisted  by  L.  Borchert»  F. 
EiCHBAUM,  E.  KuGLER,  H.  TOEFFNER,  and  Other  ezpjerts. 
From  the  German,  by  Wm.  T.  Brannt.  28  Engravings. 
358  pages.    8vo $3.00 

DE  KONINGK-DIETZ.—A  Practical  Manual  of  Chemical 
Analysis  and  Assasrin^: 

As  applied  to  the  Manufacture  of  Iron  from  its  Ores,  and  to 
Cast  Iron,  Wrought  Iron,  and  Steel,  as  found  in  Commerce. 
By  L.  L.  DeKoninck,  Dr.  Sc.,  and  E.  Dietz,  Enmneer.  Ed- 
ited with  Notes,  by  Robert  Mallet,  F.  R.  S.,  F.  S.  G.,  M. 
I.  C.  E.,  etc.  American  Edition,  Edited  with  Notes  and  an 
Appendix  on  Iron  Ores,  by  A.  A.  Fesquet,  Chemist  and 
Engineer.    12mo $1.00 

DIETERICHS.— A    Treatise    on    Friction*    Lubrication* 
Oils  and  Fats: 

The  Manufacture  of  Lubricating  Oils,  Paint  Oils,  and  of 
Grease,  and  the  Testinc;  of  Oils.  By  E.  F.  Dieterichs, 
Member  of  the  Franklin  Institute;  Member  National  Associa- 
tion of  Stationary  Engineers;  Inventor  of  Dietrichs'  Valve- 
Oleum  Lubricating  0&.  12mo.  (1906.)  A  practical  book 
by  a  practical  man $1.25 

DI^GAN.— Practical  Surveyor's  Guide: 

Containing  the  necessarjr  information  to  make  any  person  of 
common  ca];>acity,  a  fimshed  land  surveyor,  without  the  aid 
of  a  teacher.  By  Andrew  Duncan.  Revised.  72  Eimav- 
ings.    214  pp.    12mo $1.50 

DUPLAIS.— A  Treatise  on   the  Manufacture  and  Dis- 
tillation of  Alcoholic  Liquors: 

Comprising  Accurate  and  Complete  I>etails  in  Regard  to 
Alcohol  from  Wine,  Molasses,  Beet^  Grain,  Rice,  Potatoes, 
Sorghum,  Asphodel,  Fruits,  etc;  with  the  Distillation  and 
Rectification  of  Brandy,  Whiskey,  Rimi,  Gin,  Swiss  Absinthe, 
etc.,  the  Preparation  of  Aromatic  Waters,  Volatile  Oils  or 
Essences,  Sugars,  Syrups,  Aromatic  Tinctures,  Liqueurs, 
Cordial  Wines,  Effervescmg  Wines,  etc.,  the  Ageing  of  Brandy 
and  the  Improvement  of  Spirits,  with  Copious  Directions 
and  Tables  for  Testing  and  Reducing  Spirituous  Liquors,  etc., 
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etc.  Translated  and  Edited  from  the  French  of  MM.  Du- 
PLAIS.  By  M.  McKennie,  M.  D.  Illustrated.  743  pp. 
8vo $15.00 

EDWARDS.— A  Gatechiuii  of  the  Marine  Steam-Engine: 

For  the  use  of  Engineers,  Firemen,  and  Mechanics.  A  Prac- 
tical Work  fcK-  Practical  Men.  By  Emory  Edwards,  Me- 
chanical Engineer.  Illustrated  by  sixty-three  Engravings, 
including  examples  of  the  most  modem  Engines.  Third 
edition,  thoroughly  revised,  ^th  much  additional  matter. 
12mo.    414  pages $1.50 

EDWARDS.— American    Marine    Engineer,    Theoretical 
and  Practical: 

With  Examples  of  the  latest  and  most  approved  American 
Practice.  By  Emory  Edwards.  85  Illustrations.  12mo.  $1.50 

EDWARDS. — Modem  American  Locomotive  Engines: 

Their  Design,  Construction  and  Management.  By  Emory 
Edwards.    Illustrated.    12mo $1.50 

EDWARDS. — Modem  American  Marine  En^nes,  Boilers* 
and  Screw  Propellers: 

Their  Design  and  Construction.    146  pp.    4to $2.00 

EDWARDS. — 900   Examination  Questions  andL  Answers: 

ForlBn^eers  and  Firemeci  fLand  and  Marine)  who  desire 
to  obtam  a  United  States  Government  or  State  License. 
Pocket-book  form,  gilt  edge $1.50 

EDWARDS.^The  American  Steam  En^eer: 

Theoretical  and  Practical,  with  examples  of  the  latest*  and 
most  approved  American  practice  in  the  design  and  con- 
struction of  Steam  Engines  and  Boilers.  For  the  use  of 
Engineers,  machinists,  boiler-makers,  and  engineering  stu- 
dents. By  Emory  Edwards.  Fully  illustrated.  419  pages. 
12mo $1.50 

EDWARDS.— The  Practical  Steam  En^eer's  Guide: 

In  the  Design,  Construction,  and  Management  of  American 
Stationary,  Portable,  and  Steam  Fire-Engines,  Steam  Pumps, 
Boilers,  Injectors,  Governors,  Indicators,  Pistons  and  Rings, 
Safety  Valves  and  Steam  Gauges.  For  the  use  of  Engineers, 
Firemen,  and  Steam  Users.  By  Emory  Edwards.  Illus- 
trated by  119  engravings.      420  pages.    12mo $2.00 

ELDER. — Conversations   on    the   Principal   Subjects   of 
Political  Economy: 

By  Dr.  William  Elder.    8vo $1.50 
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£LDER.-~Que8tioii8  of  the  Day: 

Economic  and  Social.    By  Dr.  William  Elder.    8vo.  .$3.00 

ERNI  AND  BROWN.— Mineralogy  Simplified: 

Easy  Methods  of  Identifying  Nfinerals,  including  Ores,  by 
Means  of  the  Biow-pipe,  by  Flame  Reactions,  by  Himiia 
Chemical  Analysis,  and  by  Physical  Tests.  By  Henri 
Erni,  a.  M.,  M.  D.  Fourth  Edition,  revised,  re-arranged 
and  with  the  addition  of  entirely  new  matter,  including  Tables 
for  the  I>etermination  of  Minerals  by  Chemicals  and  Pyrog- 
nostic  Characters,  and  by  Physical  Characters.  By  Amos 
P.  Brown,  A.  M..  Ph.  D.  464  pp.  Illustrated  by  123  En- 
gravings, pocket-book  form,  fuU  flexible  morocco,  gilt  edges. 

$2.50 

FAIRBAIRN.— The  Principles  of  Mechanism  and  Maclii- 
nery  of  Transmission: 

Comprising  the  Principles  of  Mechanism,  Wheels,  and  Pul- 
leys, Strength  and  Proix)rtion  of  Shafts,  Coupling  of  Shafts, 
and  Engaging  and  Ehsengaging  Gear.  By  Sir  William 
Fairbairn,  Bart.,  C  E.  Beautifully  illustrated  by  over  150 
wood-cuts.    In  one  volume.    12mo $2.00 

FLEMING. — Narrow  Gau^e  Railways  in  America: 

A  Sketch  of  their  Rise,  Progress,  and  Success.  Valuable 
Statistics  as  to  Grades,  Curves,  Weight  of  Rail,  Locomotives, 
Cars,  etc.    By  Howard  Fleming.    Illustrated.    8vo..$1.00 

FLEMMING.— Practical  Tanning: 

A  Handbook  of  Modem  Processes,  Receipts,  and  Sugges- 
tions for  the  Treatment  of  Hides,  Skins,  and  Pelts  of  Every 
Description  By  Lewis  A.  Flemming,  American  Tanner. 
630  pp.    8vo.    1910 $6.00 

FORSYTH.— Book  of  Designs  for  Headstones,  Mural,  and 
other  Monuments: 

Containing  78  Designs.  By  James  Forsyth,  With  an  In- 
troduction by  Charles  Boutell,  M.  A.    4to.    Cloth.  .$3.00 

GARDNER.— Everybody's  Paint  Book: 

A  Complete  Guide  to  the  Art  of  Outdoor  and  Indoor  Paint- 
ing    38  Illustrations.    12mo.    183  pp $1.00 

GARDNER.y-The  Painter's  Encyclopedia: 

Containing  I>efinitions  of  all  Important  Words  in  the  Art  of 
Plain  and  Artistic  Painting,  with  I>etails  of  Practice  in  Coach, 
Carriage,  Railway  Car,  House,  Sign,  and  Ornamental  Paint- 
ing, including  Graining,  Marbling,  Staining,  Varnishing, 
Polishing,  Lettering,  Stenciling,  Gilding,  Bronzing,  etc.  By 
Franklin  B.  Gardner.    158  illustrations.    12mo.  427  pp 

$2.00 
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GEE.— The  Goldsmith's  Handbook: 

Containing  full  instructions  for  the  Alloying  and  Working  of 
Gold,  including  the  Art  of  Alloying,  Melting,  Reducing,  Color- 
ing, Collecting,  and  Refining;  the  Processes  of  Manipulation, 
Recovery  of  Waste;  Chemical  and  Physical  Properties  of 
Gold;  with  a  New  System  of  Mixing  its  Alloys;  Solders,  En- 
amels; and  other  Useful  Rules  and  Recipes.  By  George  E. 
Gee.    12mo $1.25 

GEE.— The  Jeweler's  Assistant  in  the  Art  of  Working  in 
Gold: 

A  Practical  Treatise  for  Masters  and  Workmen.  12mo  $3.00 

GEE.— The  Silversmith's  Handbook: 

Containing  full  instructions  for  the  Alloying  and  Working  of 
Silver,  induding  the  diflferent  modes  of  Refining  and  Melting 
the  Metal;  its  Solders;  the  Preparation  of  Imitation  Alloys; 
Methods  of  Manipulation;  Prevention  of  Waste;  Instructions 
for  Improving  ana  Finishing;  the  Surface  of  the  Work;  together 
with  other  Useful  Information  and  Memoranda.  By  George 
E.  Gee.    Illustrated.    12mo $1.25 

GOTHIC' ALBUM   FOR   CABINET-MAKERS: 

Designs  for  Gothic  Furniture.  Twenty-three  plates.  Ob- 
long  $1.00 

GRANT.— A  Handbook  on   the  Teeth  of  Gears: 

Their  Curves,  Properties,  and  Practical  Construction.    By 
George  B.  Grant     Illustrated.    Third  Edition,  enlarged 
8vo $1.00 

GREGORY.— Mathematics  for  Practical  Men: 

Adapted  to  the  Pursuits  of  Surveyors,  Architects,  Mechan- 
ics, and  Civil  Engineers.  By  Olinthus  Gregory.  8vo., 
plates $3.00 

GRISWOLD.— Railroad    Engineer's    Pocket    Companion 
for  the  Field: 

Comprising  Rules  for  Calculating  I>eflection  Distances  and 
Angles,  Tangential  Distances  and  Angles  and  all  Necessary 
Tables  for  Engineers;  also  the  Art  of  Levelling  from  Prelim- 
inary Survey  to  the  Construction  of  Railroads,  intended 
Expressly  for  the  Yoimg  Engineer,  together  with  Numerous 
Valuable  Rules  and  Examples.  By  W.  Griswold  12mo 
Pocketbook   form $1.50 

GRUNER.— Studies  of   Blast   Furnace  Phenomena: 

Bv  M.  L.  Gruner,  President  of  the  General  Council  of  Mines 
of  France,  and  lately  Professor  of  Metallurgy  at  the  Ecole 
des  Mines.  Translated,  with  the  author's  sanction,  with  an 
Appendix,  by  L.  D.  B.  Gordon,  F.  R.  S.  E.,  F.  G.  S.    8vo. 

$2.50 
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Hand-Book  of  Useful  Tables  for  the  Lumberman,  Farmer 
and  Mechanic: 

ContaimnffAccurate  Tables  of  Logs  Reduced  to  Inch  Board 
Measure,  Plank,  Scantling  and  Timber  Measure;  Wa^  and 
Rent,  by  Week  or  Month;  Capacity  of  Granaries,  Bins  and 
Cisterns;  Land  Measure,  Interest  Tables  with  Directions 
for  fin<ting  the  Interest  on  any  sum  at  4,  5,  6,  7  and  8  per 
cent.,  and  many  other  Useful  Tables.  32mo.,  boards.  186 
pages. 25 

HASERICK.— The  Secrets  of  the  Art  of  Dyeing  Wool. 
Cotton  and  Linen: 

Including  Bleaching  and  Coloring  Wool  and  Cotton  Hosiery 
and  Random  Yams.  A  Treatise  based  on  Economy  and 
Practice  By  E.  C.  Haserick.  Illustrated  by  323  Dyed 
Patterns  of  the  Yams  or  Fabrics     8vo $4  50 

HATS  AND  FELTING: 

A  Practical  Treatise  on  their  Manufacture.  By  a  Practical 
Hatter.    Illustrated  by  Drawings  of  Machinery,  etc    8vo. 

$1.00 

HAUPT.— A  Manual  of  Engineering  Specifications  and 
Contracts: 

By  Lewis  M.  Haupt,  C.  E.  Illustrated  with  ntmierous 
maps.    328  pp.    8vo $2.00 

HAUPT.— Street  Railway  Motors: 

With  Descriptions  and  Cost  of  Plants  and  Operation  of  the 
various  systems  now  in  use.    12mo $1.50 

HAUPT.— The  Topographer,  His  Instruments  and  Meth- 
ods: 

By  Lewis  M.  Haupt,  A.  M.,  C.  E.  Illustrated  with  numer- 
ous plates,  maps  and  engravings.    247  pp.    8vo $2.00 

HULME.— Worked     Examination     Questions    in     Plane 
Geometrical  Drawing: 

For  the  Use  of  Candidates  for  the  Royal  Military  Academy, 
Woolwich;  the  Royal  Military  College,  Sandhurst;  the  In- 
dian Civil  Engineering  College,  Cooper's  Hill;  Indian  Public 
Works  and  Tdegraph  Department;  Royal  Marine  Light  In- 
fantry; the  Oxford  and  Qimbridge  Local  Examinations,  etc. 
By  F.  Edward  Hulme,  F.  L.  S.,  F.  S.  A.,  Art-Master  Marl- 
borough College.  Illustrated  by  300  examples.  Small 
quarto $1.00 

KELLEY. — Speeches,  Addresses,  and  Letters  on  Industrial 
and  Financial  Questions: 

By  Hon.  William  D.  Kelley,  M.  C.    544  pages.    8vo  $2.00 
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KEMLO.— Watch  Repairer's  Hand-Book: 

Being  a  Complete  Guide  to  the  Young  Besinner^  in  Taking 
Apart,  Putting  Together,  and  Thoroughly  Qeaning  the 
English  Lever  and  other  Foreign  Watches,  and  all  American 
Watches.  By  F.  Kemlo,  Practical  Watchmaker.  With 
Illustrations.    12mo $L25 

KICK. — ^Flour  Manufacturer: 

A  Treatise  on  Milling  Science  and  Practice  By  Frederick 
Kick,  Imperial  Rcsierungsrath,  Professor  of  Mechanical 
Technology  in  the  Imperial  German  Polytechnic  Institute, 
Prague.  Translated  from  the  second  enlarged  and  revised 
edition  with  supplement  by  H.  H.  P.  Powles,  Assoc.  Memb. 
Institution  of  Civil  Engineers.  Illustrated  with  28  Plates, 
and  167  Wood-Cuts.    367  pages.    8vo $7.50 

KINGZETT.— The  History,  Products,  and  Processes  of 
the  Alkali  Trade: 

Including  the  most  Recent  Improvements.  By  Charles 
Thomas  Kingzett,  Consulting  Chemist.  With  23  illustra- 
tions.   8vo $2.00 

KIRK. — ^A  Practical  Treatise  on  Foundry  Irons: 

Comprising  Pig  Iron,  and  Fracture  Grading  of  Pig  and  Scrap 
Irons;  Scrap  Irons;  Mixing  Irons;  Elements  and  Metalloids; 
Gradmg  Iron  by  Analysis;  Chemical  Standards  for  Iron; 
Castings;  Testing  Cast  Iron;  Semi-Steel;  Malleable  Iron; 
Etc.,  Etc.  By  Edward  Kirk,  Practical  Moulder  and  Melter, 
Consulting  Expert  in  Melting.  Illustrated.  2d4  pages. 
8vo.   1911 $3.00 

KIRK.— The  Cupola  Furnace: 

A  Practical  Treatise  on  the  Construction  and  Management  of 
Foundry  Cupolas.  By  Edward  Kirk,  Practical  Moulder  and 
Melter,  Consulting  Expert  in  Melting.  Illustrated  by  106 
Engravings.  Third  Edition,  revised  and  enlarged.  482 
pages.    8vo.    1910 $3.50 

KOENIG.— Chemistry  Simplified: 

A  Course  of  Lectures  on  the  Non-Metals,  Based  upon  the 
Natural  Evolution  of  Chemistry.  Designed  Primarily  for 
Endneers.  By  George  Augustus  Koenig,  Ph.  D.,  A.  M , 
E.  M.,  Professor  of  Chemistry,  Michigan  College  of  Mines, 
Houghton.  IllustratCMl  by  103  Original  Drawings.  449  pp. 
12mo.     (1906) $2.25 

LANGBEIN.— A  Complete  Treatise  on  the  Electro-Deposi- 
tion of  Metals: 

Comprising  Electro-Plating  and  Galvanoplastic  Operations, 
The  Deposition  of  Metals  by  the  Contract  and  Immersion 
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Processes,  the  Coloring  of  Metals,  the  Methods  of  Grinding 
and  Polishing,  as  well  as  the  Description  of  the  Voltaic  Cells, 
Dynamo-Electric  Machines,  Thermopiles,  and  of  the  Materi- 
als and  Processes  Used  in  Every  Department  of  the  Art. 
Translated  from  the  latest  German  Edition  of  Dr.  George 
Langbein,  Proprietor  of  a  Manufactory  for  Chemical  Pro- 
ducts, Machines,  Apparatus  and  Utensils  for  Electro-Platers, 
and  of  an  Electro-rlating  Establishment  in  Leipzig.  With 
Additions  by  William  T.  Brannt,  Editor  of  "The  Techno- 
Chemical  Receipt  Book."  Seventh  Edition,  Revised  and 
Enlarged.  Illustrated  by  163  Engravings.  8vo.  725  pages. 
1913 ^.00 

LARKIN.— The    Practical    Brass    and    Iron    Founder's 
Guide: 

A  Concise  Treatise  on  Brass  Foimding,  Moulding,  the  Metals 
and  their  Alloys,  etc.;  to  which  are  added  Recent  Improve- 
ments in  the  Manufacture  of  Iron,  Steel  by  the  B^semer 
Process,  etc.,  etc.  By  James  Larkin,  late  Conductor  of  the 
.  Brass  Foundry  Department  in  Reany,  Neafie  &  Co.'s  Penn 
Works,  Philadelphia.  New  edition,  revised,  with  extensive 
additions.    414  pages.    12mo $2.50 

LEHNER.— The  Manufacture  of  Ink: 

Comprising  the  Raw  Materials,  and  the  Preparation  of 
Writmg,  Copying  and  Hektograph  Inks,  Safety  Inks,  Ink 
Extracts  and  Powders,  etc.  Translated  from  the  German 
of  SiGMUND  Lehner,  with  additions  by  William  T.  Brannt. 
Illustrated.     12mo $2.00 

LEROUX.— A  Practical  Treatise  on  the  Manufacture  of 
Worsteds  and  Carded  Yams: 

Comprising  Practical  Mechanics,  with  Rules  and  Calcula- 
tions apphed  to  Spinning;  Sorting,  Cleaning,  and  Scouring 
Wools;  the  English  and  French  Methods  of  Combing,  Draw- 
ing, and  Spinning  Worsteds,  and  Manufacturing  Carded 
Yams.  Translated  from  the  French  of  Charles  Leroux, 
Mechanical  Engineer  and  Superintendent  of  a  Spinning-Mill, 
by  Horatio  Paine,  M.  D.,  and  A.  A.  Fesquet,  Chemist  and 
Engineer.    Illustrated  by  twelve  large  Plates.    8vo $3.00 

LESLIE. — Complete  Cookery: 

Directions  for  Cookery  in  its  Various  Branches.  By  Miss 
Leslie.  Sixtieth  thousand.  Thoroughly  revised,  with  the 
additions  of  New  Receipts.    12mo $1.00 

L£  VAN.— The  Steam  Engine  and  the  Indicator: 

Their  Origin  and  Progressive  Development;  including  the 
Most  Recent  Examples  of  Steam  and  Gas  Motors,  toother 
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^th  the  Indicator,  its  Principles,  its  Utility,  and  its  Applica- 
tion. By  WnxiAM  Barnbt  Le  Van.  Illustrated  by  205 
Engravings,  chiefly  of  Indicator-Cards.    469  pp.    8vo.  $2.00 

LIBBER.— Assayer's  Guide: 

Or,  Practical  Directions  to  Assayers,  Miners,  and  Smelters, 
for  the  Tests  and  Assays,  by  Heat  and  by  Wet  Processes,  for 
the  Ores  of  aU  the  principal  Metals,  of  Gold  and  Silver  Coins 
and  aUoj^  and  of  Coal,  etc.  By  Oscar  M.  Lieber.  Re- 
vised.   !^  pp.    12mo $1.50 

Lockwood's  Dictioiiaiy  of  Terms: 

Used  in  the  Practice  of  Mechanical  Engineering,  embracing 
those  Current  in  the  Drawing  Office,  Pattern  Shop,  Fotmdry, 
Fitting,  Turning,  Smith's  and  Boiler  Shops,  etc,  etc.,  com-* 
prising  upwards  of  Six  Thousand  Definitions.  Edited  by  a 
Foreman  Pattern  Maker,  author  of  "Pattern  Making."  417 
pp.    12mo $3.75 

LUKIN.— The  Lathe  and  Its  Uses: 

Or  Instruction  in  the  Art  of  Turning  Wood  and  Metal.  In- 
cluding a  Description  of  the  Most  Modem  Appliances  for  the 
Ornamentation  of  Plane  and  Curved  Surfaces,  an  Entirely 
Novel  Form  of  Lathe  for  Eccentric  and  Rose-Engine  Turn- 
ing. A  Lathe  and  Planing  Machine  Combined;  and  Other 
Valuable  Matter  Relatinpr  to  the  Art.  Illustrated  by  462 
engravings.    Seventh  Edition.    315  pages     8vo $4.25 

MAUCHLINE.-— The  Mine  Foreman's  Hand-Book: 

Of  Practical  and  Theoretical  Information  on  the  Opening, 
Ventilating,  and  Working  of  Collieries.  Questions  and  An- 
swers on  Practical  and  Theoretical  Coal  Mining.  Designed 
to  Assist  Students  and  Others  in  Passing  Examinations  for 
Mine  Foremanships.  Bv  Robert  Mauchline.  3d  Edition. 
Thoroughly  Revised  and  Enlarged  by  F.  Ernest  Brackett. 
134  Engravings.    8vo.    378  pages.     (1905.) $3.75 

MOLESWORTH.— Pocket-Book  of  Useful  FormuUe  and 
Memoranda  for  Civil  and  Mechanical  Engineers: 

By  Guilford  L.  Molesworth,  Member  of  the  Institution  of 
Civil  Engineers,  Chief  Resident  Engineer  of  the  Ceylon 
Railway.    Full-bound  in  Pocketbook  form $1.00 

MOORE.— The  Universal   Assistant   and   the   Complete 
Mechanic: 

Containing  over  one  million  Industrial  Facts,  Calculations, 
Receipts,  Processes,  Trades  Secrets,  Rules,  Business  Forms, 
Legal  Items,  etc.,  in  every  occupation,  from  the  Household 
to  the  Manufactory.  By  R.  Moore.  Illustrated  by  500 
Engravings.    12mo $2.50 
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NAPIER.— A  Sjrstem  of  Chemistry  Applied  to  Dyeing: 

By  James  Napier,  F.  C.  S.  A  New  and  Thoroughly  Revised 
Edition.  Completely  brought  up  to  the  present  state  of  the 
Science,  including  the  Chemistry  of  Coal  Tar  Colors,  by  A. 
A.  Fesquet,  Chemist  and  Engineer.  With  an  Appendix  on 
Dyeing  and  Calico  Printing,  as  shown  at  the  Umversal  Ex- 
position, Paris,  1867.    Illustrated.    8vo.    422  pages. .  .$2.00 

NICHOLLS.— Tlie  Theoretical  and  Practical  Boiler-Maker 
and  Engineer's  Reference  Book: 

Containing  a  variety  of  Useful  Information  for  Employers 
of  Labor,  Foremen  and  Working  Boiler-Makers,  Iron,  Copper, 
and  Tinsmiths,  Draughtsmen,  Engineers,  the  General  Steam- 
using  Public,  and  for  the  Use  of  Science  Schools  and  classes 
By  Samuel  Nicholls.    Illustrated  by  sixteen  plates.    12mo. 

$2.50 

NYSTROM.— On  Teclinological  Education  and  the  Con- 
struction of  Ships  and  Screw  Propellers 

For  Naval  and  Marine  Engineers.  By  John  W.  Ntstrom, 
late  Acting  Chief  Engineer,  U.  S.  N.  Second  Edition,  Re- 
vised, with  additional  matter.  Illtistrated  by  seven  En- 
gravings.   12mo $1.00 

O'NEILL.— A  Dictionary  of  Dyeing  and  Calico  Printing: 

Containing  a  brief  account  of  all  the  Substances  and  Pro- 
cesses in  use  in  the  Art  of  Dyeing  and  Printing  Textile  Fabrics; 
with  Practical  Receipts  and  Scientific  Information.  By 
Charles  O'Neill,  Analytical  Chemist.  To  which  is  added 
an  Essay  on  Coal  Tar  Colors  and  their  application  to  Dveing 
and  Calico  Printing.  By  A.  A.  Fesquet,  Chemist  and  En- 
gineer. With  an  appendix  on  Dyeing  and  Calico  Printing, 
as  shown  at  the  Universal  Exposition,  Paris,  1867.  8vo. 
491  pages $2.00 

ORTON.— Underground  Treasures: 

How  and  Where  to  Find  Them.  A  Key  for  the  Ready  De- 
termination of  all  the  Useful  Minerals  within  the  United 
States.  By  James  Orton,  A.  M.,  Late  Professor  of  Natural 
History  in  Vassar  College,  N.  Y.;  author  of  the  "Andes  and 
the  Amazon, "  etc.  A  New  Edition,  with  An  Appendix  on 
Che  Deposits  and  Testing  Minerals.    (1901.)    illustrated. 

$1.50 

OSBORN.— A  Practical  Manual  of  Minerals,  Mines  and 
Mining: 

Comprising  the  Physical  Properties,  Geologic  Position;  Local 
Occurrence  and  A^odations  of  the  Useful  Minerals,  their 
Methods  of  Chemical  Anal^rsis  and  Assay;  together  with 
Various  Systems  of  Excavating  and  Timbering,  Brick  and 
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Masonry  Work,  during  Driving,  Lining,  Bracing  and  other 
Operations,  etc.  By  Prof.  H.  S.  Osborn,  LL.  D.,  Author  of 
"The  Prospector's  Field-Book  and  Guide. "  171  Engravings. 
Second  Edition,  Revised.    8vo .$4.50 

OSBORN.— The  Prospector's  Field  Book  and  Guide: 

In  the  Search  For  and  the  Easy  Determination  of  Ores  and 
Other  Useful  Minerals.  By  Prof.  H.  S.  Osborn,  LL.  D. 
Illustrated  by  66  Engravings.  Eighth  Edition.  Revised 
and  Enlarged.    401  pages.    12mo    (1910.) $1.50 

OVERMAN.— Tlie  Moulder's  and  Founder's  Pocket  Guide: 

A  Treatise  on  Moulding  and  Fotmding  in  Green-sand,  Dry- 
sand,  Loam,  and  Cement;  the  Moulding  of  Machine  Frames, 
Mill-gear,  Hollow  Ware,  Ornaments,  Trinkets,  Bells,  and 
Statues;  Description  of  Moulds  for  Iron,  Bronze,  Brass,  and 
other  Metals;  Plaster  of  Paris,  Sulphur,  Wax,  etc.;  the  Con- 
struction of  Melting  Furnaces,  the  Melting  and  Founding  of 
Metals;  the  Composition  of  Alloys  and  their  Nature,  etc., 
etc.  By  Frederick  Overman,  M.  E.  A  new  Edition,  to 
which  is  added  a  Supplement  on  Statuary  and  Ornamental 
Moulding,  Ordnance,  Malleable  Iron  Castings,  etc  By  A. 
A.  Fesquet,  Chemist  and  Engineer.  Illustrated  by  44 
engravings.    12mo $2.00 

PAINTER,  GILDER,  AND  VARNISHER'S  COMPANION: 

Comprising  the  Manufacture  and  Test  of  Hgments,  the  Arts 
of  Painting,.  Graining,  Marbling,  Staining,  Sign-writing, 
Varnishing,  Glass-staining,  and  Gilding  on  Glass;  together 
with  Coadh  Painting  ana  Varnishing,  and  the  Principles  of 
the  Harmony  and  Contrast  of  Colors.  Twenty-seventh 
Edition.  Revised,  Enlarged,  and  in  great  part  Rewritten, 
B)r  William  T.  Brannt,  Editor  of  Varmshes,  Lacquers. 
Printing  Inks  and  Sealing  Waxes."  Illustrated.  395  pp. 
12mo $1.50 

PERCY.— The  Manufacturing  of  Russian  Slieet-Iron: 

By  John  Percy,  M.  D.,  F.  R.  S.    Paper 25 

POSSELT.— Cotton  Manufacturing: 

Part  I.  Dealing  with  the  Fibre,  Ginning,  Mixing,  Picking, 
Scutching  and  Carding.  By  E.  A.  Posselt.  104  Illustra- 
tions, 190  op $3.00 

Part  11.    Combing,  Drawing,  Roller  Covering  and  Fly  Frame, 

$3.00 

POSSELT.^Tlie  Jacquard   Machine  Analysed   and  Ex- 
plained: 

With  an  Appendix  cm  the  Preparation  of  Jacquard  Cards,  and 
Practical  Hmts  to  Learners  of  Jacquard  I>esigning.  By  E. 
A.  Posselt.  With  230  Illustrations  and  numerous  diagrams. 
127  pp.    4to $3.00 
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POSSELT.— Recent  Improyementa  in  Textile  Macliincry 
Relating  to  Weaving: 

Giving  the  Most  Modem  Points  on  the  Construction  of  all 
Kinds  of  Looms,  Warpers,  Beamers,  Slashers,  Winders, 
Spoolers,lReeds,  Temples,  Shuttles,  Bobbins,  Heddles,  Heddle 
Frames,  Pickers,  Jacquards,  Card  Stampers,  Etc.,  Etc.  By 
E.  A.  PossELT.  4to.  Part  I,  600  ills.;  Part  II,  600  ills. 
Each  part $3.00 

POSSELT.— Recent  ImprovementB  in  Textile  Machincryt 
Part  III: 

Processes  Required  for  Converting  Wool,  Cotton,  Silk,  from 
Fibre  to  Finished  Fabric,  Covering  both  Woven  and  Knit 
Goods;  Construction  of  the  most  Modem  Immovements  in 
Preparatory  Machinery,  Cardiiu;,  Qnnbing,  Drawing,  and 
Spinning  Machinery,  Winding,  Warpixxg,  Slashing  Machinery* 
Looms,  Machinery  for  Knit  Goods,  l^e  Stuffs,  Chemicals, 
Soaps,  Latest  Improved  Accessories  Relating  to  Obstruc- 
tion and  Equipment  of  Modem  Textile  Manufacturing  Plants 
By  E.  A.  POSSELT.    Completely  Illustrated.    4to $7.50 

POSSELT.—Technolo^  of  Textile  Deai^: 

The  Most  Complete  Treatise  on  the  Construction  and  Appli- 
cation of  Weaves  for  all  Textile  Fabrics  and  the  Analysis  of 
Cloth.    By  E.  A.  Posselt.    1,500  Illustrations.    4to.  .$5.00 

POSSELT.— Textile  Calculations: 

A  Guide  to  Calculations  Relating  to  the  Manufacture  of  all 
Kinds  of  Yams  and  Fabrics,  the  Analysis  of  Qoth,  Speed, 
Power  and  Belt  Calculations.  By  E.  A.  Posselt.  Illu»- 
trated.    4to $2.00 

REGNAULT.— Elements  of  Chemistry: 

By  M.  V.  Regnault.  Translated  from  the  French  by  T. 
Forrest  Betton,  M.  D.,  and  edited,  with  Notes,  by  James 
C.  Booth,  Melter  and  Refiner  U.  S.  Mint,  and  William  L. 
Faber.  Metallurgist  and  Mining  Engineer.  Illustrated  by 
nearly  700  wood-engravings  Comprising  nearly  1,500  pages. 
In  two  volumes,  8vo.,  cloth $5.00 

RICH.— Artistic  Horse-Shoeing: 

A  Practical  and  Scientific  Treatise,  giving  Improved  Methods 
of  Shoeing,  with  Special  Directions  for  Shapinig  Shoes  to  Cure 
Different  Diseases  of  the  Foot,  and  the  Correction  of  Faulty 
Action  in  Trotters.  By  George  E.  Rich.  362  Illustrations. 
217  pages.    12mo $2.00 

RICHARDSON.— Practical  Bladumithing: 

A  Collection  of  Articles  Contributed  at  Different  Times  by 
Skilled  Workmen  to  the  columns  of  "The  Blacksmith  and 
Wheelwright,"  and  Covering  nearly  the  Whole  Range  of 
Blacksmithing,  from  the  Simplest  Job  of  Work  to  some  of  the 
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most  Complex  Forgings.    Compiled  and  Edited  by  M.  T. 

Vol.1.    210  Illustrations.    224  pages.    12mo $1.00 

Vol.    11.    230  Illustrations.    262  pages.    12mo $1.00 

Vol.    III.    390  Illustrations.    3^7  pages.    12mo $1.00 

VoL    IV.    226  lUustraticms.    276  pages.    12mo $1.00 

RICHARDSON.— Practical  Carriage  Building: 

Comprising  Numerous  Short  Practical  Articles  upon  Carriage 
and  Wagon  Woodwork;  Plans  for  Factories;  Shop  and  Bendi 
Tools;  Convenient  Appliances  for  Repair  Work;  Methods  of 
Working;  Peculiarities  of  Bent  Timber;  Construction  of 
Carriage  Parts;  Repairing  Wheels;  Forms  of  Tenons  and  Mor- 
tises; Together  with  a  Variety  of  Useful  Hints  and  Sugges- 
tions to  Woodworkers.    Compiled  by  M.  T.  Richardson. 

Vol.  I.  228  Illustrations.  222  pages $1.00 

Vol.    II.    283  Illustrations.    280  pages $100 

RIGHARI>S0N.— The  Practical  Horseshoer: 

Being  a  Collection  of  Articles  on  Horseshoeing  in  all  its 
Branches  which  have  appeared  from  time  to  time  in  the  col- 
vanns  of  "The  Blacksnuth  and  Wheelwright,"  etc.  Compiled 
and  edited  by  M.  T.  Richardson.    174  Illustrations,  $1.00 

RIFFAULT*  VERGNAUD,  and  TOUSSAINT.— A  Practical 
Treatise  on  the  Manufacture  of  Colors  for  Painting: 

Comprising  the  Origin,  Definition,  and  Classification  of  Colors, 
the  Treatment  of  the  Raw  Materials;  the  best  Formulae  and 
the  Newest  Processes  for  the  Preparation  of  every  description 
of  Pigment,  and  the  Necessary  Apparatus  and  Directions  for 
its  use;  Dryers;  the  Testing,  Application,  and  Qualities  of 
Paints,  etc.,  etc.  By  MM.  Riffault,  Vergnaud,  and 
ToussAiNT,  Revised  and  Edited  by  M.  F.  Malpeyre,  Trans- 
lated from  the  French  by  A.  A.  Fesquet.  Illustrated  by 
Eighty  Engravings.    659  pp.    8vo $5.00 

ROPER.— Catechism    for    Steam    En^eers    and    Elec- 
tricians: 

Including  the  Construction  and  Management  of  Steam  En- 
gines, Steam  Boilers  and  Electric  Plants.  By  Stephen 
Roper.  Twenty-first  edition,  rewritten  and  greatly  enlarged 
by  E.  R.  Keller  and  C.  W.  Pike.  365  pages.  Illustrations. 
18mo.,  tucks,  gilt $2.00 

OPER.— Engineer's  Handy  Book: 

Containing  Facts,  Formula,  Tables  and  Questions  on  Power, 
its  Generation,  Transmission  and  Measurement;  Heat,  Fuel, 
and  Steam;  The  Steam  Boiler  and  Accessories;  Steam  Engines 
and  their  Parts;  Steam  Engine  Indicator;  Gas  and  Gasoline 
Engines;  Materials;  their  Properties  and  Strength;  TogeUier 
with  a  Discussion  of  the  Fundamental  Experiments  in  Elec- 
tricity, and  an  Explanation  of  Dynamos,  Motors,  Batteries, 
etc.,  and  Rules  for  Calculating  Sizes  of  Wires.    By  Stephen 
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Roper.  15th  edition.  Revised  and  Enlai|^  by  E.  R. 
KelleRp  M.  E.,  and  C.  W.  Pike,  B.  S.  With  numerous 
Illustrations.    Pocket-book  form.    Leather $3.50 

ROPER.— Hand-Book  of  Land  and  Marine  Engines: 

Including  the  Modeling,  Construction,  Running,  and  Man- 
agement of  Land  and  Marine  Engines  and  Bioilers.  With 
Illustrations.  By  Stephen  Roper,  Engineer.  Sixth  Edition. 
12mo.,  tucks,  gilt  edge $3.50 

ROPER.— Hand-Book  of  the  Locomotive: 

Including  the  Construction  of  Engines  and  Boilers,  and  the 
Construction,  Management,  and  Rimning  of  Locomotives. 
By  Stephen  Roper.  Eleventh  Edition.  18mo.,  tucks,  gilt 
edge $2.50 

ROPER.— Hand-Book  of  Modern  Steam    Fire-Engines; 

With  Illustrations.  By  Stephen  Roper,  Engineer.  Fourth 
Edition,  12mo.,  tucks,  gilt  edge $3.50 

ROPER. — Instructions  and  Suggestions  for  Engineers  and 
Firemen: 

By  Stephen  Roper,  Engineer.    18mo.,  Morocco $2.00 

OPER. — Questions   and    Answers   for   Stationary   and 
Marine  Engineers  and  Electricians: 

With  a  Chapter  of  What  to  Do  in  Case  of  Accidents.  By 
Stephen  Roper,  Engineer.  Sixth  Edition,  Rewritten  and 
Greatly  Enlarged  by  Edwin  R.  Keller,  M.  E.,  and  Clayton 
W.  Pike,  B.  A.  306  pp.  Morocco,  pocketbook  form,  gilt 
edges $2.00 

ROPER.— The  Steam  Boiler:  Its  Care  and  Management: 

By  Stephen  Roper,  Engineer.    1 3mo.,  tuck,  gilt  edges.  $2.00 

ROPER.— Use  and  Abuse  of  the  Steam  Boiler: 

By  Stephen  Roper,  Engineer.  Ninth  Edition,  with  Illus- 
trations.    18mo.,  tucks,  gilt  edge $2.00 

ROPER.— The  Young  Engineer's  Own  Book: 

Containing  an  Explanation  of  the  Principle  and  Theories  on 
which  the  Steam  Engine  as  a  Prime  Mover  is  based.  By 
Stephen  Roper,  Engineer.  160  Illustrations,  363  pages. 
18mo.,  tuck $2.50 

ROSE.- The  Complete  Practical  Machinist: 

Embracing  Lathe  Work,  Vise  Work,  Drills  and  Drilling,  Taps 
and  Dies,  Hardening  and  Tempering,  the  Making  and  Use  of 
Tools,  Tool  Grinding,  Marking  out  work.  Machine  Tool^  etc. 
By  Joshua  Rose.  395  Engravinfi;s.  Nineteenth  Edition, 
greatly  Enlarged  with  New  and  Valuable  Matter.  12mo., 
504  pages $2.50 

ROSE.— Mechanical  I>rawinft  Self -Taught: 

Compoising  Instructions  in  the  Selection  and  Preparaticm  of 
Drawing  Instruments^  Elementary  Instruction  in  practical 
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Mechanical  Drawing,  together  with  Examples  in  Simple 
Gecnnetry  and  Elementary  Mechanism,  including  Screw 
Threac^  Gear  Wheels,  Mechanical  Motions,  Engmes  and 
Boilers.  By  Joshua  Rose,  M.  E.  Illustrated  by  330  En- 
gravings.   8vo.    313  pages $3.50 

ROSE.— The  Slide-Valve  Practically  Explained: 

Embracing  simple  and  complete  Practical  Demonstrations  of 
the  operation  of  each  element  in  a  Slide-valve  Movement, 
and  illustrating  the  effects  of  Variations  in  their  Proportions 
by  examples  carefully  selected  from  the  most  recent  and 
successful  practice.  By  Joshua  Rose,  M.  £.  Illustrated 
by  35  Engravings $1.00 

ROSE.—Steam  Boilers: 

A  Practical  Treatise  on  Boiler  Construction  and  Examination, 
for  the  Use  of  Practical  Boiler  Makers,  Boiler  Users,  and  In- 
spectors; and  embracing  in  plain  figures  all  the  calculations 
necessary  in  Designing  or  Classifying  Steam  Boilers.  By 
Joshua  Rose,  M.  E.  Illustrated  by  73  Engravings.  250 
pages.    8vo $2.00 

ROSS.— The   Blowpipe   in   Chemistry,    Mineralo^   and 
Geology: 

Containing  all  Known  Methods  of  Anhydrous  Analysis,  many 
W(»*king  Examples,  and  Instructions  for  Making  Apparatus. 
By  Lieut.  Colonel  W  A.  Ross,  R.  A.,  F.  G.  S.  With  120 
Illustrations.    12mo $2.00 

SCHRIBER.— The  Complete  Carriage  and  Wagon  Painter: 

A  Concise  Compendium  of  the  Art  of  Painting  Carriages, 
Wagons,  and  Sleighs,  embracing  Full  Directions  in  all  the 
Vanous  Branches,  including  Lettering,  Scrolling,  Ornament- 
ing, Striping,  Varnishing,  and  Coloring,  with  numerous  Re- 
cipes for  Mixing  Colors.    73  Illustrations.    177  pp.    12mo. 

$1 00 
SHAW.— CivU  Architecture: 
Being  a  Complete  Theoretical  and  Practical  System  of  Build- 
ing, containing  the  Fundamental  Principles  of  the  Art.  By 
Edward  Shaw,  Architect.  To  which  is  added  a  Treatise  on 
Gothic  Architecture,  etc.  By  Thomas  W.  Silloway  and 
George  M.  Harding,  Architects.  The  whole  illustrated  by 
102  quarto  plates  findy  engraved  on  copper.  Eleventh  Edi- 
tion    4to $5.00 

SHERRATT.— The  Elements  of  Hand-Railinft: 

Simplilied  and  Explained  in  Concise  Problems  that  are  Easily 
Unaerstood.  The  whole  illustrated  with  Thirty-dght  Ac- 
curate and  Original  Plates,  Founded  on  Geometrical  Pnndples* 
and  showing  how  to  Make  Rail  Without  Centre  Joints,  Mak- 
ing Better  Rail  of  the  Same  Material,  with  Half  the  Labor, 
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and  Showing  How  to  Lay  Out  Stairs  of  all  Kinds.  By  R.  J. 
Sherratt.    Folio $2.50 

SHUNK.— A  Practical  Treatise  on  Railway  Gunres  and 
Location  for  Young  En^neers: 

By  W  F.  Shunk,  C.  E.  12mo.  Full  bound  pocket-boc^ 
form $2.00 

SLOANE. — ^Home  Experiments  In  Science: 

By  T.  O'CONOR  Sloane,  E.  M.,  A.  M.p  Ph.  D.  Illustrated 
by  91  Engravings.    12mo $1.00 

S[^AN. — ^Homestead  Architecture: 

Containing  Forty  Designs  for  Villas,  Cottages,  and  Farm- 
houses, with  Essays  on  Style,  Construction,  Landscape  Gar- 
dening, Furniture,  etc.,  etc.  Illustrated  by  upwards  of  200 
Engravings.    By  Samuel  Sloan,  Architect    8vo $2.00 

SMrm.— The  Deer's  Instructor: 

Comprising  Practical  Instructions  in  the  Art  of  Dyeing  Silk, 
Cotton,  Wool,  and  Worsted,  and  Woolen  Goods;  containing 
nearly  800  Receipts.  To  whid^  is  added  a  Treatise  on  the 
Art  of  Padding;  and  the  Printii^  of  Silk  Warps,  Skeins,  and 
Handkerchiefs,  and  the  various  Mordants  and  Colcvs  for  the 
different  styles  of  such  work.  By  David  ShflTH,  Pattern 
Dyer.    12mo $1.00 

SMITH.— A  Manual  of  Political  Economy: 

By  E.  Peshine  Smith.  A  New  Edition,  to  which  is  added 
a  full  Index.    12mo $1.25 

SMITH.— Parks  and  Pleasure-Grounds: 

Or  Practical  Notes  on  Country  Residences,  Villas,  Public 
Parks,  and  Gardens.  By  Charles  H.  J.  Smith,  Landscape 
Gardener  and  Garden  Architect,  etc.,  etc.    12mo $2.00 

SNIVELY.— The    Elements    of    Systematic    Qualitative 
Chemical  Analysis: 

A  Hand-book  for  Beginners.  By  John  H.  Snively,  Phr.  D. 
16mo $2.00 

STOKES.— The  Cabinet  Maker  and  Upholsterer's  Com- 
panion: 

Comprising  the  Art  of  Drawing,  as  applicable  to  Cabinet 
Work;  Veneering,  Inlaying,  and  Buhl- Work;  the  Art  of  Dye- 
ing and  Staining  Wood,  Ivory,  Bone,  Tortoise-Shell,  etc. 
Directions  for  Lacquering,  Japanning,  and  Varnishing;  to 
make  French  Polish,  Glues,  Cements,  and  Compositions; 
with  numerous  Receipts,  useful  to  workmen  generidly.  By 
J.  Stokes.  Illustrated.  A  New  Edition,  with  an  Appendix 
upon  French  Polishing,  Staining,  Imitating,  Varnishing,  etc., 
etc.    12mo $1.25 

Strength  and  other    roperties  of  metals  : 

Reports  of  Experiments  on  the  Strength  and  other  Properties 
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of  Metals  for  Cannon  ^th  a  Description  of  the  Machines 
for  Testing  Metals,  and  of  the  Classmcation  of  Cannon  in 
service.  By  Officers  of  the  Ordnance  D^iartment,  U.  S. 
Army.  By  authority  of  the  Secretary  of  War.  Illustrated 
by  25  large  steel  plates.    Quarto $3.00 

SULZ.— A  Treatise  on  Beverages: 

Or  the  Complete  Practical  Bottler.  Full  Instructions  for 
Laboratory  Work  with  Original  Practical  Recipes  fcM*  all 
kinds  of  Carbonated  Drinks,  Mineral  Waters,  Flavoring 
Extracts,  Sipips,  etc.  By  Charles  Herman  Sulz,  Tech- 
nical Chemist  and  Practical  Bottler.  Illustrated  by  428 
Engmvings.    818  pp.    8vo $7.50 

SYME. — Outlines  of  an  Industrial  Science: 

.    By  Davto  Syme.    12mo $2.00 

TABLES  SHOWING  THE  WEIGHT  OF  ROUND,  SQUARE 
AND  FLAT  BAR  IRON/ STEEL,  ETC. 

By  Measurement.    Cloth 63 

TEMPLETON.— The  Practical  Examinator  on  Steam  and 
the  Steam-Engine: 

With  Instructive  References  relative  thereto,  arranged  for 
the  Use  of  Engineers,  Students,  and  others.  By  William 
Templeton,  Engineer     12mo $1.00 

THALLNER.— Tool-Steel : 

A  Concise  Hand-book  on  Tool-Steel  in  General.  Its  Treat- 
ment in  the  Operations  of  Forging,  Annealing,  Hardening, 
Tempering,  etc.,  and  the  Appliances  Therefor.  By  Otto 
Thallner,  Manager  in  Chief  of  the  Tool-Steel  Works,  Bis- 
marckhutte,  Germany.  From  the  German  by  William  T. 
Brannt.  Illustrated  by  69  Engravings.  194  pages  8vo. 
1902. $2.00 

THAUSING.— The  Theory  and  Practice  of  the  Preparation 
of  Malt  and  the  Fabrication  of  Beer: 

With  especial  reference  to  the  Vienna  Process  of  Brewing. 
Elaborated  from  personal  experience  by  Julius  E.  Thausing, 
Professor  at  the  School  for  Brewers,  and  at  the  Agricultural 
Institute,  Modling,  near  Vienna.  Translated  from  the  Ger- 
man by  William  T.  Brannt.  Thoroughly  and  elaborately 
edited,  with  much  American  matter,  and  according  to  the 
latest  and  most  Scientific  Practice,  by  A.  Schwarz.  and  Dr. 
A  H.  Bauer.  Illustrated  by  140  Engravings.  8vo.  815 
pages $10.00 

TOMPKINS.—Gotton  and  Cotton  Oil: 

Cotton:  Planting,  Cultivating,  Harvesting  and  Preparation 
for  Market.  Cotton  Seed  Oil  Mills:  Organization,  Construc- 
tion and  Operation.  Cattle  Feeding:  Production  of  Beef 
and  Dairy  Products,  Cotton  Seed  Meal  and  Hulls  as  Stock 
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Feed.  Fertilizers:  Manufacture*  Manipulation  and  Uses. 
By  D.  A.  Tompkins.    8vo.    494  pp.    Illustrated $7.50 

TOMPKINS.—Gotton  Mill,  Commercial  Features: 

A  Text-Book  for  the  Use  of  Textile  Schools  and  Investors. 
With  Tables  showing  Cost  of  Machinery  and  Equipments 
for  Mills  making  Cotton  Yams  and  Plain  Cotton  Cloths.  By 
D.  A.  Tompkins.    8vo.    240  pp.    Illustrated $5.00 

TOMPKINS.—Gotton  Mill  Processes  and  Calculations: 

An  Elementary  Text-Book  for  the  Use  of  Textile  Schools  and 
for  Home  Study.  By  D.  A.  Tompkins.  312  pp.  8vo. 
Illustrated $5.00 

TURNER'S  (THE)  COMPANION: 
Containing  Instructions  in  Concentric,  Elliptic,  and  Eccen- 
tric Turning;  also  various  Plates  of  Chucks,  Tools,  and  In- 
struments; and  Directions  for  using  the  Eccentric  Cutter, 
Drill,  Vertical  Cutter,  and  Circular  Rest;  with  Patterns  and 
Instructions  for  working  them.    12mo $1.00 

VAN  GLEVE.— The  English  and  American  Mechanic: 

CcHnprising  a  Collection  of  Over  Three  Thousand  Receipte, 
Rules,  and  Tables,  designed  fc»*  the  Use  of  every  Mechanic 
and  Manufacturer.  By  B.  Frank  Van  Cleve.  Illustrated. 
500  pp.    12mo $2.00 

VAN  DER  BURG.-^School  of  Painting  for  the  Imitation 
of  Woods  and  Marbles: 

A  Complete,  Practical  Treatise  on  the  Art  and  Craft  of  Grain- 
ing ana  Marbling  with  Uie  Tools  and  Appliances.  36  Plates. 
Folio,  12x20  inches $6.00 

VILLE.— The  School  of  Chemical  Manures: 

Or,  Elemeitary  Principles  in  the  Use  of  Fertilizing  Agents 
From  the  French  of  M.  Geo.  Ville,  by  A.  A.  FESQUET, 
Chemist  and  Engineer.    With  Illustrations.    12mo $1.25 

VOGDES.— The  Architect's  and  Builder's  Pocket-Com- 
panion and  Price- Book: 

Consisting  of  a  Short  but  Comprehensive  Epitome  of  Deci- 
mals, Duodecimals,  Geometry  and  Mensuration;  with  Tables 
of  United  States  Measures,  Sizes,  Weights,  Strength,  etc.,  of 
Iron,  Wood,  Stone,  Brick,  Cement  and  Concretes,  Quanti- 
ties of  Materials  in  given  Sizes  and  Dimensions  of  Wood, 
Brick  and  Stone;  and  full  and  complete  Bills  of  Prices  for 
Carpenter's  Work  and  Painting;  also.  Rules  for  Computing 
and  Valuing  Brick  and  Brick  Work,  Stone  Work,  Pamting, 
Plastering,  with  a  Vocabulary  of  Technical  Terms,  etc  By 
Frank  W.  Wocdes,  Architect,  Indianapolis,  Ind.  Enlarged, 
Revised    and  Corrected.    In  one  volume   368  pages,  nill- 

bound,  pocketbook  form,  gilt  edges $2.00 

Ck)th $1.50 
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WAHNSCHAFFE.— A  Guide  to  the  Scientific  Examina- 
tion of  Soils: 

Comprising  Select  Methods  of  Mechanical  and  Chemical 
Analysis  and  Physical  Investigation.  Translated  from  the 
German  of  Dr  F.  Wahnschaffe.  With  additions  by  WiL- 
UAM  T.  Brannt.  Illustrated  by  25  Engravings.  12mo. 
177  pages $1.50 

WARE.— The  Sugar  Beet: 
Including  a  History  of  the  Beet  Sugar  Industry  in  Europe, 
Varieties  of  the  Sugar  Beet,  Examination,  Soils,  Tillage 
Seeds  and  Sowing,  Yield  and  Cost  of  Cultivation,  Harvest- 
ing, Transportation,  Conservation,  Feeding  Qualities  of  the 
Beet  and  of  the  Pulp,  etc.  By  Lewis  S.  Ware,  C.  E., 
M.  E.    Illustrated  by  ninety  Engravings.    8vo $2.00 

WARN.— The  Sheet-Metal  Worker's  Instructor: 
For  Zinc,  Sheet-Iron,  Copper,  and  Tin-Plate  Workers,  etc. 
Containing  a  selection  of  Geometrical  Problems;  also  Prac- 
tical and  Simple  Rules  for  Describing  the  various  Patterns 
required  in  the  different  branches  of  the  above  Trades.  By 
Reuben  H.  Warn,  Practical  Tin-Plate  Worker.  To  which  is 
added  an  Appendix,  containing  Instructions  for  Boiler-Mak- 
ing, Mensuration  of  Surfaces  and  Solids,  Rules  for  Calculat- 
ing the  Weights  of  different  Figures  of  Iron  and  Steel,  Tables 
of  the  Weights  of  Iron,  Steel,  etc.  Illustrated  by  thirty- 
two  Plates  and  thirty-seven  Wood  Engravings.    8vo..  .$2.00 

WARNER.— New  Theorems,  Tables,  and  Diagrams,  for 
the  Computation  of  Earth- work: 
Designs!  for  the  use  of  Engineers  in  Preliminary  and  Final 
Estimates,  of  Students  in  Engineering  and  of  Contractors 
and  other  non-professional  Computers.  In  two  parts,  with 
an  Appendix.  Part  I.  A  Practical  Treatise;  Part  II.  A 
Theoretical  Treatise,  and  the  Appendix  Containing  Notes  to 
the  Rules  and  Examples  of  Part  L;  Explanations  of  the  Con- 
struction of  Scales,  Tables,  and  Diagrams,  and  a  Treatise 
upon  Equivalent  Square  Bases  and  Equivalent  Level  Heights. 
By  John  Warner,  A.  M.,  Mining  and  Mechanical  Engineer. 
Illustrated  by  14  Plates.    8vo $3.00 

WATSON.— A  Manual  of  the  Hand-Lathe: 
Comprising  Concise  Directions  for  Worldng  Metals  of  all 
kinds.  Ivory,  Bone  and  Precious  Woods;  Eyeing,  Coloring, 
and  French  Polishing;  Inlaying  by  Veneers,  and  various 
methods  practised  to  produce  Elaborate  work  with  di^atch, 
and  at  Small  Expense.  By  Egbert  P.  Watson,  Author  of 
"The  Modem  Practice  of  American  Machinists  and  En- 
gineers."   Illustrated  by  78  Engravings $1.00 

WATSON.^The  Modem  Practice  of  American  Machinists 
and  Engineers: 
Including  the  Ccmstruction,  Application,  and  Use  of  Drills 
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Lathe  Tools,  Cutters  for  Boring  Cylinders,  and  Hollow-woric 
generally,  with  the  most  economical  Speed  ioc  the  same;  the 
Kesults  verified  by  Actual  Practice  at  the  Lathe,  the  Vise, 
and  on  the  floor.  Together  with  Wcnrkshop  Management, 
Economy  of  Manufacture,  the  Steam  Engine,  Boilers,  Gears, 
Belting,  etc.,  etc.  By  Egbert  P.  Watson  Illustrated  by 
eighty-six  Engravings.    12mo $2.00 

WEATHERLY.— Treatise  on  the  Art  of  BoOing  Sugar, 
Cnratalliziiig,  Lozenge-making,  Gomflta,  Gum  Goods: 

And  other  processes  for  Confectionery,  including  Methods 
for  Manufacturing  every  Description  of  Raw  and  Refined 
Sugar  Goods.  A  New  and  Enlarged  Edition,  with  an  Appen- 
dix on  Cocoa,  Chocolate,  Chocolate  Confections,  etc.  196 
pages.    12mo.    (1903.) $1.50 

•WILL.— Tables  of  Qualitative  Chemical  Analj^is: 

With  an  Introductory  Chapter  on  the  Course  of  Analysis 
By  Professor  Heinrich  Will,  of  Giessen,  Germany.  Tlurd 
American,  from  the  eleventh  German  Edition.  Edited  by 
Charles  F.  Himes,  Ph.  D.,  Professor  of  Natural  Science, 
Dickinson  College,  Carlisle,  Pa.    8vo $1.00 

WILLIAMS.— On  Heat  and  Steam: 

Embracing  New  Views  of  Vaporization,  Condensaticxi  and 
Explosion.  By  Charles  Wye  Williams,  A.  I.  C.  E.  Illus- 
trated.   8vo $2.00 

WILSON.— The  Practical  Tool-Maker  and  Designer: 

A  Treatise  upon  the  Desi^ming  of  Tools  and  Fixtures  for 
Machine  Tools  and  Metal  Working  Machinery,  Comprising 
Modem  Examples  of  Machines  with  Fundamental  Designs 
for  Tools  for  the  Actual  Production  of  the  work;  Together 
with  Special  Reference  to  a  Set  of  Tools  for  Machining  the 
Various  Parts  of  a  Bicycle.  Illustrated  by  189  Engravings 
(1898) $2.50 

CONTENTS  :  Introductorj.  Chapter  I.  Modem  Tool  Room  and 
Equipment.  II.  Fllee.  Their  Use  and  Ahuse.  III.  Steel  and  Tem- 
pering. IV.  Making  Jigs.  V.  Milling  Machine  Fixtures.  VI.  Tools 
and  Fixtures  for  Screw  Machines.  VII.  Broaching.  VIII.  Punches 
and  Dies  for  Cutting  and  Drop  Press.     IX.  Tools  for  Hollow-ware. 

X.  Embossing:  Metal,  Coin  and  Stamped  Sheet-Metal  Ornaments. 

XI.  Drop  Forging.  XII.  Solid  Drawn  Shells  or  Ferrules;  Cupping 
or  Cutting  and  Drawing;  Breaking  Down  Shells.  XIII.  Annealing. 
Pickling  and  Cleaning.  XIV.  Tools  for  Draw  Bench.  XV.  Cutting 
and  Assembling  Pieces  bj  Means  of  Ratchet  Dial  Plates  at  One 
Operation.  XVI.  The  Header.  XVII.  Tools  for  Fox  Lathe.  XVIII. 
Suggestions  for  a  set  of  Tools  for  Machining  the  Various  Parts  of 
a  Bicycle.  XIX.  The  Plater's  Dynamo.  XX.  Conclusion — ^Wlth  a 
few  Random  Ideas.     Appendix.     Index. 

WORSSAM.— On  Mechanical  Sawa: 
From  the  Transaction  of  the  Society  of  Engineers,  1869.    By 
S.  W.  WoRSSAM,  Jr.    Illustrated  by  Eighteen  large  Plates. 
8vo $1.50 


BRANNT'S  ''SOAP  MAKER'S  HAND  BOOK." 


l%e  fnaa^  heipA^  and  up^tO'date  book  an  the  Art  of  Soap 
Making  in  the  JBnglieh  language* 

lhonepolun^,8vo,S3Spag€s,iUu8tr€UedbyS4engratfinge0 
Ftiee  $6.00  net,  :Free  of  JPostage  to  any  Address  in  the  World, 
or  hy  Express  €•  O.  !>•  freight  paid  to  any  Address  in  the 
United  States  or  Canada. 


PUBLISHED.  APRIL,  1912. 


THE 


SOAP  MAKER'S  HAND  BOOK 

OF 

MATERIALS,  PROCESSES  AND  RECEIPTS  FOR 
EVERY  DESCRIPTION  OF  SOAP 

INCLUDING 

VATBy  FAT  OIXBy  Am)  FATTY  ACIDS ;  EXAHIKATION  OF  FATS  AlTD  OIIJS  ; 

ATiKATJIW  ;  TEBTIKO  SODA  AS1>  POTASH  ;  MACHIKSB  AND  UTENSILB; 

HABD  SOAPS ;  SOFT  SOAPS  ;  TEXTILE  SOAPS  ;  WASHINO  FOWDEfiB 

AKD  AIXIED  PRODUCTS  ;  TOILET  SOAPS,  MEDICATED  SOAPS, 

AND  SOAP  SPECIALTIES  ;  ESSENTIAL  OILS  AND  OTHER 

PEEFUlONa  MATERIALS  ;  TESTING  SOAPS. 

EDITED  CHIEFLY  FROM  THE  GERMAN  OF 
.DR.  C.DEITB,    A.  ENOELHARDT,    F.  WILTNBR» 

AND  NUMEROUS  OTHER  EXPERTS. 

WITH  ADDITIONS 
BY 

WILLIAM  T.  BRANNT, 

IDITOB  or  *'THX  TBCKNO  CHKKICJLL  RXOSIFT  BOOK.** 

ILLUSTRATED  BY  FIFTY-FOUR  ENGRAVINGS. 
SECOND  EDITION,  REVISED  AND  IN  GREAT  PART  RE-WRirTEN. 

PHILADELPHIA : 
HENRY  CAREY  BAIRD  &  CO., 

INDUSTRIAL  PI7BLISHEBS,  BOOKSELLERS,  AND  DCPORTEBS, 

810  Walnut  Stbeet, 

1912 


KIRK'S  CUPOLA   FURNACE. 


An  Eminently  f  P>rcu!tical,  Up^to^Hate  Book^  hy  an  BSxperim 
Third  Thoroughly  Revised  and  BarUy  Me^wriUen  EdiHan* 
Jn  one  volume^  Svo.,  482  pages,  iUustrated  hy  atie  hundred 
and  eiic  engravings*  Brice  $S.50m  Free  of  Postage  to  any 
Address  in  the  World,  or  hy  Eoopress  C»  O.  I>.,ftreight  paid  to 
any  Address  in  the  United  States  or  Canada* 


PUBUSHED  AUGUST,  1910. 


THE   CUPOLA    FURNACE 

A  PRACTICAL  TREATISE  ON  THE 

CONSTRUCTION  AND  MANAGEMENT 

OP 

FOUNDRY  CUPOLAS: 

COMPRISING 

DCPROVKMSNTS  IN  CUPOLAS  AND  METHODS  OF  THEIR  CONSTRUCTION  AND  MANAGS- 

MSNT;  tuyeres;  modern  cupolas;  CUPOLA  fuels;  FLUXING  OF  IRON;  GErTINQ 

UP  CUPOLA  STOCK;    RUNNING  A  CONTINUOUS  STREAM;    SCIENTIFICALLY 

DESIGNED  CUPOLAS;  SPARK-CATCHING  DEVICES;   BLAST-PIPES  AND 

BLAST;    BLOWERS;    FOUNDRY  TRAM  RAIL,  ETC.,  ETC. 

BY 

# 

EDWARD  KIRK, 

PRACnCAL  IfOITLDBR  AMD  KBLTBR,  CONSULTING  BXPBST  XM  MBLTING. 

Auikar  of  **  The  F<mndingofMeiahr  and  o/Numenms  Paptrt  on  Cu^U  PrmOiM, 

ILLUSTRATED  BY  ONE  HUNDRED  AND  SIX  ENGRAVINGS. 

THIRD  THOROUOHLY  REVI8ED  AND  PARTLY  RE-WRiTTEN  EDITION. 


PHILADELPHIA  : 

HENRY  CARSY  BAIRD  <fe  CO., 

INDUSTRIAL  PUBLISHERS,  BOOKSELLERS  AND  IMFORTEBfi^ 

810  WaIiNUT  Stbbet. 
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KIRK'S   FOUNDRY  IRONS. 

A  Br€Ustic€U,  Up-40'I>ate  Book,  by  the  wM  known  BxperU 
In  one  volumef  8vOf  294  ptiges,  iUustraied.    Price  $3.00  net, 
JFree  of  Postage  to  any  Address  in  the  Worid,  or  by  Express 
€•  O.  D.f  freight  paid  to  any  Address  in  the  United  StcUes  or 
Canada, 

PUBUSHED  JUNE,  1911. 


A  PRACTICAL  TREATISE 

ON 

FOUNDRY    IRONS: 

COMFKISING 

PIQ   IRON,  AND  FRACTURE  GRADING  OF  PIG  AND  SCRAP  IRONS  ; 
SCRAP  IRONS  ;   MIXING  IRONS  ;   ELEMENTS  AND  METALLOIDS  ; 
GRADING  IRON   BY  ANALYSIS  ;   CHEMICAL  STANDARDS 
FOR  IRON  CASTINGS  ;   TESTING  CAST  IRON  ;   SEMI- 
STEEL  ;   MALLEABLE  IRON  ;   ETC.,  ETC. 


BY 


EDWARD  KIRK, 


FKACnCAL  MOULDBK  AMD  MBLTBR;   COIfSUX.TINO  RXnOtT  IN  MBLTING. 

AUTHOR  OF  '*THK  CVPOUk  FVRMACB,"  AKO  OF  MUMSAOUS 

PAPBKS  ON  CT7FOXJW  PRACTICB. 


ILLUSTRATED 


PHILADELPHIA : 

HENRY  CAREY  BAIRD  &  CO., 

INDUSTRIAL  PUBLISHERS,  BOOKSELLERS  AND  IMPORTERS^ 

810  WAi*m7T  Street. 
1911 


BRANNTS  DRY  CLEANER. 


The  only  book  intruding  Hat  CXeatUng  and  Reno- 
voting  in  any  languageiin  one  votmne,  12mo,371 
page»,iU«str€Ued»  Price $2 JiO net,  JFreei^poetage 
to  any  address  in  ihe  world,  or  by  fiaqtress  freight 
paid  to  amy  address  in  the  United  States  or  Canada, 

PUBLISHED  OCTOBER,  1911. 

THE  PRACTICAL 

DRY  CLEANER,  SCOURER,  AND 

GARMENT  DYER: 

COMPRISING 

DRY,  CHKIIICAL,  OK  FRENCH  CLBANING;  PURIFICATION  OF  BENZINE; 

RKIfOVAL  OF  STAINS,  OR  SPOTTING;  WET  CLBANING;  FINISIDNG 

CLEANED  FABRICS ;  CLEANING  AND  DYEING  FURS,  SKIN  RUGS 

AND  MATS;  CLEANING  AND  DYEING  FEATHERS;  CLEANING 

AND  RENOVATING  FELT,  STRAW  AND  PANAMA  HATS; 

BLEACHING  AND  DYEING  STRAW  AND  STRAW  HATS; 

CLEANING  AND  DYEING  GLOVES;  GARMENT  ' 

DYEING;    STRIPPING;   ANALYSIS  OF 
TEXTILE  FABRICS. 

EDITED  BY 

WILLIAM  T^  BRANPTT, 

KpnOR  OF  "THB  TBCHNCMTHBMICAL  RBCSrFT  BOOK." 

FOURTH  EDITION,  REVISED  AND  ENLARGED. 
ILLUSTRATED  BY  PORTY^NE  ENGRAVINGS. 

PHILADELPHIAi 

HENRY  CAREY  BAIRD  &  00., 

INDUSTRIAL  PUBLISHERS,    BOOKSELLERS    AND  niFORTEB8y 

810  WALNUT  STREET. 
1911. 
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This  book  should  be  returned  to 
the  Library  on  or  before  the  last  date 
stamped  below. 

A  fine  of  five  cents  a  day  is  incurred 
by  retaining  it  beyond  the  specified 
time. 

Please  return  promptly. 
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